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INTRODUCTION 
Seed com (Zea mays L. ) in most of the Northern United States is 
harvested on the ears at high moisture so as to reduce the risk of 
frost, insect, and disease damage. Early harvesting helps also to 
prevent loss of shelled seed during mechanical ear picking and husking. 
The harvest is started at seed moistures as high as 40% and ears are 
subsequently dried mechanically with heated air before shelling. The 
drying process is a critical step in seed com production and is a 
frequent cause of seed injury. It is also the slowest step in seed 
conditioning and therefore often limits harvesting capacity. This 
study was conducted in a search for more effective seed com drying 
methods and to investigate the factors involved in drying injury. 
Some specific objectives of this project were: 
- to determine the time and moisture range in the drying 
process at which drying injury can occur. 
- to determine preconditioning treatments that increase the 
tolerance to high temperature drying after harvest at high 
seed moisture. 
- to evaluate embryo moisture as an index of drying 
susceptibility. 
- to evaluate drying rate as a factor of drying injury. 
- to evaluate a conductivity test aa a measure of drying 
injury. 
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LITERATURE REVIEW 
Importance of Harvest Moisture for Drying Susceptibility 
Seed and embryo moisture in all cited references and in this paper 
are expressed as percent on a fresh weight basis. When the term 
"moisture" is used alone it refers to "seed moisture". With progressive 
moisture loss in the field, seed corn becomes more tolerant to high 
drying temperatures. Duncan and Marston (1925) reported injury to seed 
in the soft dough stage when dried at a temperature of 35 C or higher. 
Harrison and Wright (1929) found no injury with seed from 40 to 63% seed 
moisture when dried at 40 C, but low germination after drying seed of 
the same moisture at 50 C. Several later investigators also came to the 
conclusion that the safety threshold for seed drying lies near 40 C when 
ears are harvested at ca. 40-50% seed moisture. Kiesselbach (1939) 
determined that seed corn of 50% moisture could withstand a drying 
temperature of 41.7 C but was damaged at 44.5 C. Wileman and Ullstrup 
(1945) could safely dry seed corn at 49 C when the moisture content was 
below 25 percent. Washko (1941) suggested that the drying temperature 
for seed corn of up to 50% moisture content should not be higher than 
ca. 40-43 C. McRostie (1949) observed reduced germination when seed of 
over 50% moisture content was dried at temperatures over ca. 40 C. 
Anonymous (1981 and 1982) compared ear samples of poor and good seed set 
harvested at under 40% seed moisture and dried at 40 C and 30 C. When 
poorly filled ears of certain varieties were dried at 40 C as compared 
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with 30 C, they showed a significant decline in cold test germination of 
over 10%. Certain genotypes could withstand 45 C drying without injury 
if the initial moisture was under 30%. Navra til (1981) and Navra til and 
Burris (1984) predicted moisture and temperature limits for safe drying 
of the seed parents A632, B73, and Mo 17. For seed harvested at 40-45% 
moisture they predicted mean cold test results higher than 95% when a 
drying temperature of 40 C or lower was used for A632 and B73, and when 
Mo 17 was dried at a temperature of 35 C or less. 
Seeds of many species withstand premature drying days or even weeks 
before their natural drying period (Dasgupta et al., 1982; Misra et al., 
1984). Corn seeds germinated well in a standard germination test even 
when ears were harvested as early as 35 days after silking at ca. 60% 
seed moisture and dried slowly (Knittle and Burris, 1976). Seeds had 
acquired at that time only ca. half of their maximum dry weight. Corn 
seed obviously does not need to undergo specific changes late in 
maturation that would make it tolerant to drying at low temperatures. 
In contrast, it is only later after natural drying that corn seed 
becomes tolerant to rapid drying at high temperature. 
Description of the maturity status of seed corn is critical for 
harvesting and drying management. Seed moisture content is used most 
frequently. Physiological maturity of seed corn was reported at seed 
moistures ranging from 28 to 42% (Carter and Poneleit, 1973). Daynard 
and Duncan (1969) and Rench and Shaw (1971) reported that black layer 
formation coincided with physiological maturity. An accurate and 
objective determination of black layer formation is difficult to 
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achieve. Crookston et al. (1982) and Afuakwa and Crookston (1984) 
suggested that the kernel milk line could be used more effectively as a 
maturity indicator. 
Physiology of Seed Maturation 
Physiological processes occurring in the later stages of seed com 
maturation are a major concern in our study. Rabson et al. (1961) 
determined increasing biosynthetic activity of the maize kernel from 8 
to 28 days after anthesis. Biosynthesis started to decline after 28 
days. After 25-35 days, about 80% of the protein synthesizing capacity 
was located in the endosperm, which at this point reached its maximum 
and started drying. The embryo continued to develop and synthesize 
proteins. By day 50, the endosperm cells were filled with starch and 
protein thus not allowing much metabolism. Protein synthesis in the 
embryo was also stopped because of drying. Ingle et al. (1965) found a 
biphasic pattern in protein synthesis in the developing maize endosperm. 
A first phase of rapid synthesis occurred around 15-25 days after 
anthesis, and a second after 37 days. The first increase is related to 
synthesis of enzymes and structural proteins for endosperm growth, the 
second phase is suggested to represent synthesis of reserve proteins. 
The DNA content of maturing corn embryos increased up to 40 days after 
anthesis, whereas the DNA synthesis in the endosperm ceased with cell 
division ca. 25 days after anthesis. The RNA content of the embryos 
rose until physiological maturity. RNA is obviously being stored for 
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later use during germination. 
Strong evidence for the involvement of hormones in developing seeds 
is summarized by Bewley and Black (1978). Auxins, gibberellins and 
cytokinins stimulated growth and dry matter accumulation in seeds. 
Abscisic acid appeared to prevent viviparous germination, and 
gibberellins induced amylase synthesis and thereby germination. Sprague 
(1936) presented data showing that seed com harvested at seed moistures 
above 25-30% germinated poorly when planted immediately after harvest. 
Drying to levels below 25% seed moisture was required for good 
germination results. Seyedin and Burris (Seed Science Center, Iowa 
State University, unpublished paper) found that the dormancy of 
prematurely harvested seed could be broken by a relatively short drying 
time at 50 C. They suggested that germination inhibitors break down 
rapidly during high temperature drying. 
Investigations into the status of dry seed are required to 
understand the physiology of seed drying. The status of membranes in 
dry seeds is difficult to study as aqueous solvents are required to 
extract the membranes (Bewley, 1986). Ultrastructural studies on dry 
rice (Oryza sativa L.) showed shrunken nuclei, plastids, and 
mitochondria, and a poorly defined inner structure of mitochondria 
(Opik, 1980). Singh et al. (1984) reported vesicle formation below the 
plasmalemma of cells in a moss (Tortula spp.). The vesicles appeared 
during desiccation and were suggested to be reserves of membrane 
material. Cells of dry embryos from Pisum sativum were studied under 
the electron microscope by Perner (1965). Organells and cytoplasmic 
structures appeared shrunken, but conserved and without mechanical 
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damage. Some little amount of damage was suggested to have occurred 
during preparation rf the sections. Literature on ultrastructural 
changes occurring during development was reviewed by Abdul-Baki and 
Baker (1973). They rr ; ^ed for seeds of different species that 
endoplasmic reticulum became fragmented, ribosomes faded and 
mitochondria appeared to have lost some of their internal membranes 
during maturation. 
Rupley et al. (1983) discussed the hydration of proteins at 
different moisture contents. Water molecules are adsorbed on the 
surface of macro-molecules according to the strength of attraction at 
various loci. Charged amino acids sorb water molecules with high 
affinity. Additional water molecules cluster around polar groups at a 
lower affinity and, as more moisture is available, water aggregates over 
nonpolar residues. The first liquid (loosely aggregated) water in 
soybean (Glycine maxima L.) seeds was detected by H-nuclear magnetic 
resonance at water contents of about 12% (Seewalt et al., 1981). 
Cells of seeds release solutes including sugars, ions, amino acids, 
and proteins during the early imbibition phase (Simon and Raja Harum, 
1972). Simon (1974) and Simon and Mills (1983) explained this membrane 
leakeage with a change in membrane configuration. They proposed that 
membranes change during drying from a lamellar to a hexagonal phase 
because insufficient water is available to maintain a bylayer 
configuration. Imbibition would allow the membranes to return to the 
lamellar phase. Membrane changes obviously occur during drying and 
imbibition, but the nature of the changes is debated, and the hexagonal 
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phase model is not accepted by all scientists in the field (Bewley, 
1986). 
Physiological Aspects of Drying Injury 
We do not know what physiological functions are most critical in 
drying injury. The importance of harvest moisture in drying 
susceptibility has been described in a previous chapter. The possible 
role of imbibitional chilling will be discussed later. It was 
demonstrated by Navra til and Burris (1984) and Washko (1941) that root 
development is more susceptible to drying injury than is shoot 
development. The number of starch grains in the embryonic axis was 
substantially reduced after drying at high temperature (Seyedin et al,, 
1984). Hydrolysis of starch in the embryonic axis was suggested to have 
caused the sugar leakage. Seyedin et al. (1982) determined the 
respiration rate of seeds during the first 18 hours of drying at 35 and 
50 C. They found that the high drying temperature substantially reduced 
the respiration rate only after about 18 hours which was suggested to be 
due to moisture limitations. Respiration of B73 and Mol7 seeds that had 
been dried at 50 C was reduced during germination compared with seeds 
dried at 35 C. 
Electrolyte and sugar leakage was significantly increased after 
high temperature drying (Seyedin et al. 1984). The same authors removed 
endosperm tissue from dried seeds and incubated embryos for germination. 
High drying temperatures significantly reduced the ability of embryos to 
germinate. Nellist and Hughes (1973) report on research that 
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demonstrated higher sensitivity of seed heated in sealed containers than 
of those allowed to dry at the same temperature. Overdrying seed at 
nonharmful temperatures has not shown any effect on seed quality 
(Harrison and Wright, 1929; Kiesselbach, 1939; Navra til and Burris, 
1984). Slow imbibition before germination did not reduce drying injury 
(Seyedin and. Burris, 1982). Roberts (1981) concluded in a literature 
survey that the majority of subcellular systems including the genome can 
be damaged during ageing or drying. 
Mechanisms of Seed Deterioration 
Most seed deterioration studies were performed on aged seeds. Seed 
lots can be aged by long term storage, storage under unfavorable 
conditions, and by accelerated ageing at an elevated temperature and 
high humidity. 
The Inability of deteriorated seeds to germinate is not due to a 
general decline in enzyme activity. Specific enzymes appear to 
contribute to seed deterioration (Anderson and Gupta, 1986). Ching 
(1973) and Briggs and Horak (1980) demonstrated a correlation between 
seed vigor and ATP levels of seeds. Respiration was very low in corn 
kernels that failed to germinate (Throneberry and Smith, 1955). When 
maize seeds of 14% moisture were kept at 40 C, seed viability dropped 
sharply after ca. 16 days (Berjak and Villlers, 1972). Embryo cells 
showed disruptions in mitochrondrla and other organella after that 
ageing period. Seeds from low percentage viability lots have a 
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diminished ability to synthesize RNA and protein, show a failure of 
respiratory coupling, loss of enzyme activities and impaired ribosomes 
(Cherry and Skadsen, 1986). 
Free radicals can cause an autocatalytic oxydation of unsaturated 
fatty acids and are often suggested to cause damage to cell membranes. 
Pammenter et al. (1974) stored aged corn seed in a negatively charged 
conductor and thereby increased the seed viability, supposedly by 
protecting the seed against free radicals-. However there is no clear 
evidence for a buildup of free radicals in deteriorated seeds (Bewley, 
1986). Cause and effect of changes in membranes were investigated in 
many projects on seed ageing, but results were quite controversial. It 
is not known to what extent membrane integrity affects seed viability. 
Increased leakage can also have a secondary effect stimulating growth of 
microorganisms on the seed surface. 
Storage conditions leading to a loss of seed viability also caused 
a predictable percentage of chromosome aberrations (Roberts, 1972). 
However, relatively few chromosome aberrations were observed after the 
most severe storage at 45 C and 18% seed moisture content, even though 
viability was lost rapidly. Bewley and Black (1982) suggest that under 
accelerated ageing conditions other cytoplasmic lesions occur at a 
faster rate than chromosome breakage. This result presents some 
evidence that protein denaturation may be more important than chromosome 
damage during high temperature drying. 
The biochemical basis of seed deterioration appears to be broad 
with many compounds and mechanisms involved. There is no evidence for a 
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single mechanism of seed deterioration. 
Heat Stress 
Little is known about the effect of heat stress on maturing seeds. 
Most biochemical and microscopic investigations on heat stress have been 
performed with other plant tissues or living plants. A review over the 
literature on this subject is presented by Levitt (1980). 
The theory that heat causes injury through enzyme dénaturation is 
most widely accepted. Sachs (1864) observed heat solidification of the 
protoplasm under the microscope. Young Cucurbita leaves were plunged 
into water at 46 to 47 C for 2 minutes. Lepeschkin (1912) observed 
protoplasmic coagulation coincident with the time when plasma membranes 
lost semipermeability and cell sap diffused out of the cell. This 
indicates that protein dénaturation and membrane damage are related 
events. Daniell et al. (1969) reported disorganization of the 
tonoplast, plasmalemma, and chloroplast membranes at the thermal death 
point and concluded that disintegration of cell membranes is the primary 
cause of heat injury. Dangeard (1951) exposed radicles for various 
lengths of time to temperatures of 40-60 C. Mitochondria were found 
destroyed after 1 minute at 55-66 C but were rarely destroyed at 42 C 
even after prolonged exposure. 
Coagulation observed by Sachs was early evidence for protein 
dénaturation, i.e., the unfolding of proteins. Temperatures for 
denaturation of different proteins fall within a wide range. 
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Dénaturation is suggested to Involve the breaking of H-bonds which are 
weaker than hydrophobic bonds at high temperatures. Unfolding of 
proteins can only take place when adequate water is present to give 
proteins the freedom of movement (Nakayama and Kono, 1957). Dehydrated 
protoplasm can survive high temperatures without injury. No injury is 
observed with some dry seeds until the temperature is high enough to 
break the valence bonds in proteins and other protoplasmic compounds 
(Levitt, 1980; Robbins and Petsch, 1932). Therefore, seed drying is a 
very effective mechanism of the seed to gain heat tolerance. 
Other mechanisms of heat tolerance have been studied with living 
plants and cells. Different levels of heat tolerance have been observed 
not only between different plant species but also among individual 
plants within a species depending on their previous growth environment. 
A significant relationship between thermostability of proteins and the 
heat tolerance of cells has been demonstrated in bacteria, fungi, algae, 
and high plants (Levitt, 1980). This thermostability can be gained as 
an adaptation to growth conditions. Because hydrophobic bonds are 
stronger and H-bonds are weaker at high temperatures (Brandts, 1967), 
elevated growth temperatures may change the folding of newly synthesized 
proteins and render them more stable. Hardening is also suggested to be 
mediated by a repositioning of SS-bonds. Increased thermostability was 
demonstrated when only a few suitable aminoacids were changed (Yutani et 
al., 1977). No specific mechanisms apart from drying are proposed for 
seeds. 
Timing of Drying Injury 
Washko (1941) addressed the question of when during the drying 
process injury occurs. Ear samples harvested at an average seed 
moisture of 46.4% and dried at ca. 49 C were removed from the dryer at 
4-hour intervals. Injury became evident after 36 hours of drying at a 
seed moisture of approximately 16%. Washko concluded that injury occurs 
during the later phase of drying when seed moisture and drying rates are 
reduced. He explained the result with the reduced evaporative cooling 
and the increased embryo temperature in the later part of drying. 
However, seed samples were evaluated only in a germination test at ca. 
22 C. If a cold test had been conducted for seed quality evaluation, 
injury may have been evident after a shorter period of high-temperature 
drying. Anonymous (1978) reported on a study in which seed corn was 
harvested at a seed moisture of ca. 27% and placed in 55 C for 2, 4, 6 
and 8 hours before transfer to 35 C. No injury was observed when 
samples were exposed for 4 hours to 55 C, but the 8 hour treatment 
reduced the cold-test values by 20 to 40%. Bass (1953) determined the 
length of time required to reduce the viability of Kentucky bluegrass 
(Poa pratensis L.), when seed samples were exposed to different 
temperatures in enclosed containers. Seed harvested at 40% moisture 
withstood 50 C for 4 hours without injury. Beyond that point the 
samples lost viability very rapidly. At 40 C, samples of 40% moisture 
maintained their viability even after the longest treatment of 48 hours. 
Navratil (1981) and Navratil and Burris (1984) found in the 2 years 
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of their investigations that samples from seed parent A632 were more 
drying susceptible over a seed moisture range of 30 to 35% than at 
moistures from 35 to 45 or 15 to 20%. No such dip in germination was 
determined for B73 or Mo 17. Washko (1941) described a slight dip with 
seed parent R3. He reported a germination of 92% when samples were 
harvested at 32% seed moisture and dried at 52 C. However, other seed 
parents in the study gained increasing drying tolerance with progressive 
maturation in the field and were tolerant to 49 C drying when they 
reached 30% seed moisture. The finding that in some instances seed corn 
may be more drying susceptible over the moisture range at which most 
seed corn is harvested requires further investigations. 
Genetic Differences in Drying Susceptibility 
Many factors seem to affect the drying susceptibility of seed corn. 
Several authors Investigated genetic differences in drying 
susceptibility. Kiesselbach (1939) surveyed 26 single-cross hybrids for 
susceptibility to high temperature drying. No significant differences 
between genotypes were found, when they were harvested in a moisture 
range from 16.1 to 37.8% and dried at 44.4 C for 5 days. Washko (1941) 
found that drying tolerance increased from inbreds to single crosses and 
to double crosses. Uileman and Ullstrup (1945) described genetic 
differences in high temperature drying susceptibility between single-
cross hybrids as being of no practical importance. In a study of 
Dimmock (1947) single-cross hybrids were more severely affected than 
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double-cross hybrids. Reiss (1944) found that inbred Wf9 was more 
drying susceptible than inbred R4. Susceptibility was evaluated in warm 
and cold germination tests as well as in a vigor test. The results 
presented by Navra til and Burris (1984) show that A632 was more drying 
tolerant than B73 and Mol7 in both years of the study. 
Meier (1983a and 1983b) described the responses of 15 popular seed 
parents to high drying temperature. She exposed seed samples harvested 
in 1981 and 1982 at ca. 25%, 35%, and 50% moisture to 50 and 35 C. 
Significant differences in drying injury between genotypes were 
determined in both years but the susceptibility ranking of genotypes was 
not consistent in the two years. The author suggested not to use high 
drying temperature on any genotype until it is understood how 
environmental factors affect the susceptibility of different genotypes. 
Drying Rate - a Factor of Drying Injury 
Drying rate has been discussed in the literature as a possible 
factor of drying injury. Struve (1958) determined viability and vigor 
of seed com harvested at different moistures and dried at different 
drying rates. Shelled seed samples were desiccated rapidly in vacuum at 
30, 40, or 50 C or dried slowly by exposing them to room conditions. 
Germination as evaluated in a warm test was reduced in rapidly dried 
samples only when initial seed moisture was greater than ca. 38-40%. In 
contrast, injury was evident in a cold test when samples of over ca. 30% 
seed moisture were dried rapidly. Similar levels of Injury were 
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obtained with vacuum drying at 50 and 30 C indicating that drying rate 
was the injurious factor rather than temperature. 
Navra til and Burris (1984) determined that A632 dried more rapidly 
both in field and laboratory. A632 was also more drying tolerant than 
B73 and Mol7. The authors suggested that tolerant genotypes may be able 
to dissipate moisture at a greater rate and thereby are exposed for a 
shorter period to high temperature at high seed moistures. Differences 
in drying rates between com lines are known and documented. Purdy and 
Crane (1967a) and Hillson and Penny (1965) reported on that subject and 
on the inheritance of drying rate. Purdy and Crane (1967b) found that 
higher drying rates are associated with thinner and more permeable 
pericarps. Nass and Crane (1970) proposed that hydrophylic compounds in 
the endosperm of corn kernels reduce the drying rate. Cross (1985) 
presented results indicating that genotype, seed maturity and moisture 
at harvest, number of kernels per row and ear diameter influence the 
drying rate. Meier (1983a and 1983b) found in a genotype survey no 
relationship between drying rate and drying tolerance. 
In a search for more effective seed com drying methods, Hausler 
(1975) increased the specific amount of drying air from 250 to 500 or 
1000 m per hour and m"' ears. With that method the investigator 
effectively increased the drying rate of ear com harvested at 40% seed 
moisture and dried in deep-bed dryers at 35 or 40 C. No significant 
increase of drying rate was achieved with specific air amounts of over 
500 m^ when seed moisture was below 27%. Deloffre (1986) presented data 
on a new dryer design in which the drying air was cooled down and 
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dehumidified on one side of a heat pump and heated up on the opposite 
side. The average time to dry a bin of seed com in a French seed plant 
equipped with heat pumps was reduced from 75 to 60 hours resulting in a 
modest increase in seed quality. 
Difference between Embryo and Seed Drying Rate 
Seed moisture is widely used as a maturity index of seed whereas 
embryo moisture is rarely mentioned in the literature. Washko (1941) 
found that embryos dried at a more rapid rate than seed but he did not 
report whether drying was performed on shelled or ear corn. Because the 
embryos are positioned close to the cob, cob moisture is an important 
consideration. Washko determined a cob moisture of at least 65% when 
ears were picked at ca. 45% seed moisture and the difference increased 
at later maturity stages. The cob dried at a much faster rate than did 
the seeds during the first 48 hours of mechanical drying at 41 to 49 C. 
Embryos contained 8-15% more moisture than whole seeds when ears were 
picked at 22-25% seed moisture. Struve (1958) presented data indicating 
that through the seed moisture range of 30 to 40%, embryo moisture 
remained ca. 15% higher than that for whole seeds. Below 30% seed 
moisture, the embryo moisture dropped rapidly and reached the whole seed 
moisture at ca. 15%. These results represent the drying conditions in 
the field. Pabis and Hall (1962) reported that during mechanical drying 
of ears at 46 C, cobs dried much more rapidly than seed and the 
endosperm dried more rapidly than the embryo. High cob drying rates 
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were also determined by Anonymous (1978). Loeffler and Burris (1982) 
reported that embryo moisture was much greater than seed moisture after 
12 hours of drying at 50 C and they suggested that embryo moisture may 
be an important maturity index. 
Cold Susceptibility and Drying Injury 
Several authors have determined that seed imbibition at low 
temperatures can cause injury which is at least partly responsible for 
the temperature sensitivity of many warm-season crops during 
germination. This kind of seed Injury has been termed imbibitional 
chilling. Some of the early reports on imbibitional chilling have been 
given by Obendorf and Hobbs (1970) on soybeans by Pollock (1969) on Lima 
beans (Phaseolus lumatus L.) and by Christiansen (1963) on cotton 
(Gossypium hirsutum L.). Much evidence has been presented in the 
literature that imbibitional chilling plays a role in the performance of 
corn seed and is related to drying injury. Cal and Obendorf (1972) 
evaluated the performance of different coim varieties during germination 
and seedling establishment under cold conditions. The authors did not 
describe how seed samples in their study were dried. During the first 
or second day after planting, seed samples of 6 and 16% initial moisture 
were incubated at 5 C and subsequently transferred to 25 C. A 
significant reduction in seedling growth was only observed for seed from 
Inbred M3 of 6% initial moisture. The cold treatment during the first 
day after planting caused Injury but not the cold treatment during the 
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second day. Other results supported the finding that higher initial 
seed moisture prevents or reduces imbibitional chilling. Differences 
between genotypes in chilling sensitivity were evident and the response 
of reciprocal hybrids indicated maternal effects. The authors found 
with several inbred lines that radicles were aborted due to imbibitional 
chilling and that seminal roots proliferated. They concluded from their 
seedling growth measurements that the plumule was far less sensitive to 
chilling injury than the radicle. 
Livingston (1951) presented data showing a great difference in cold 
susceptibility during germination between immature and mature seed. 
Samples were dried in an open room at 25-30 C and therefore no drying 
injury could be suspected. During the cold-test procedure samples were 
exposed to 3 C for 14 days in year one and for 7 and 14 days in year two 
of the experiment. However, even seed harvested immature at ca. 62% 
germinated well when the cold test was performed in sterile soil instead 
of the usual soil-sand mixture. Seed treatment with Arasan increased 
the overall average seedling emergence in the 7-day cold test from 58% 
to 96% for naturally dried samples and from 41% to 96% for samples dried 
at 40 C. Livingston concluded that soil-borne pathogens are the primary 
cause for poor seedling emergence following a cold treatment. Drying at 
40 C brought about additional susceptibility to the 7-day cold 
treatment. Cold-test emergence averaged ca. 17% lower than after drying 
at room temperature and that difference was consistent for samples 
harvested from 14 to 73% seed moisture. 
Rush and Neal (1951) also described the effect of seed maturity on 
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cold tolerance. They harvested seed at different seed moistures 
starting at ca. 80% and evaluated the effect of maturity with a warm 
germination test and a cold test. For the cold test, seed samples were 
planted in compost soil and first held for 14 days at 10 C before 
changing to 20 C. Immature seed gave a much poorer germination in the 
cold than in the warm test whereas seed harvested at a moisture content 
of less than 35% and treated before planting germinated over 95% in both 
tests. The temperature at which ears were dried in that study is not 
reported. 
Navra til (1981) reported that high temperature drying had a greater 
effect on the cold test than on the standard germination test. No 
difference in the results of the two tests was found when a drying 
temperature of 35 C was used and even after drying at 40 C, A632 and B73 
germinated over 95% in both tests when harvested at seed moistures up to 
45-50%. These results indicate that drying Injury and cold sensitivity 
are linked. An overdrylng experiment was performed with the drying 
susceptible Inbred Mo 17 harvested at 25 to 36% seed moisture. Several 
conditions had to be fulfilled to make overdrylng harmful; 1. 
Overdrylng had to occur at a high temperature of ca. 50 C. 2. Seed was 
not allowed to equilibrate to a higher moisture before planting. 3. 
Imbibition had to occur at a low temperature of 5-10 C. Burris and 
Navra til (1980) obtained the same results In a similar overdrylng 
experiment. They concluded that drying and overdrylng at high 
temperatures may alter membranes and thereby reduce cold tolerance. 
Loeffler (1983) inquired into the relationship between field cold 
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tolerance and resistance to drying injury in corn. Selection for cold 
tolerance reduced drying susceptibility of a Iowa Stiff Stalk Synthetic 
population. Haskell and Singleton (1949) and Ta turn (1942) found 
significant heritable differences in cold susceptlbilty between inbred 
and hybrid lines of corn. They suggested that these differences may be 
caused by differential susceptibility to soil organisms in cold 
conditions as pathogens had been found to play a major role in cold 
germination conditions. 
Crevecoeur et al. (1983) investigated the effects of prolonged cold 
exposure after a warm imbibition on growth and ultrastructure of corn 
embyros. Freshly planted com seeds were exposed for 3 days to 16 C 
followed by 4-25 days at 4 C. An increasing number of embryos did not 
resume growth when they were returned to 16 C after more than 8 days at 
4 C. The decrease was proportional to the length of cold treatment. 
After 20 days at 4 C all seeds were dead. An ultrastructural study of 
primary root cells revealed that cytoplasm was greatly modified and the 
nucleolus lost granular components during the exposure to 4 C. 
Autoradlographs showed a strong decrease in transcription during 
prolonged cold treatment. 
Livingston (1952) collected ears 3-6 weeks after pollination and 
dried them at 40 and 25-30 C. Seeds were then soaked and small strips 
of pericarp were removed from the embryo area and the crown opposite the 
embryo. Both pericarp peeling treatments reduced warm and cold 
germination, but Injury was greater in the cold test than in the warm 
germination test and greatest when pericarp was removed from the embryo 
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area. Drying at 40 C produced a greater decline in the cold test than 
in the warm test when compared to drying at 25-30 C. Pericarp removal 
quite likely speeded the water uptake of the seeds. Rapid imbibition is 
known to be detrimental in other crops as reported for example by Chen 
et al. (1983) for chickpeas (Cicer arietinum L.) and by Bramlage et al. 
(1978) for soybeans. Powell and Matthews (1978) described that cell 
death occured in the outer parts of cotyledons after 2 minutes of 
imbibition when seed coats were removed from pea seeds. They lessened 
the damage when they reduced the rate of imbibition with osmotica. 
Woodstock and Tao (1981) and others prevented imbibitional injury 
normally occuring with soybeans after accelerated aging when they 
reduced the water uptake rate with polyethylene glycol. Slow imbibition 
of high-temperature dried corn seed in various concentrations of 
polyethylene glycol or on agar medium did not improve germination 
(Seyedin and Burris, 1982). Conditioning seeds for 24 hours at high 
relative humidity before germination did not reduce drying injury, 
either. The authors suggested that membrane injury due to drying is too 
severe so that slow imbibition could not improve membrane integrity. 
A Conductivity Test to Evaluate Seed Vigor and Viability 
Several studies on seed leakage during imbibition have been done on 
large seeded legumes. These species are known to be susceptible to 
imbibitional chilling and seed coat injury. High conductivity levels in 
the soak water of seeds are postulated to be the result of inferior seed 
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membranes, which allow greater leakage of electrolytes (Simon and Raja 
Harum, 1972). 
McDonald and Wilson (1979) tested the ASA-610 Automatic Seed 
Analyzer to predict soybean germination. A partition value of 90 
microamps was used as a separation point between seeds that were 
recorded as germinable and seeds that were considered nongerminable. 
Germination predictions obtained in this manner correlated well with 
standard germination values for seed lots that were high (>80%) or low 
(<20%) in germination. However, prediction of seed lots with a standard 
germination between 60 and 80% was poor. 
Steere et al. (1981) used an ASA-610 to assess the seed quality of 
62 lots of soybeans, 33 lots of bushbeans (Phaseolus vulgaris L.), and 
24 lots of cotton seed. Germination was predicted as previously 
described. Correlations between predicted and actual germinations were 
high with R-values of 0.83, 0.90, and 0.96 for soybeans, bushbeans, and 
cotton seed, respectively. 
Waters and Blanchette (1983) tested the ASA-610 as a potential tool 
to predict seed quality of sweet corn. The results of their 
conductivity test and cold-test values showed a similar correlation with 
field emergence. The correlation was significantly higher than that 
obtained with standard germination and field emergence. By using both a 
conductivity value and seedling dry weight in the cold test, the 
predictability of field emergence could be further increased resulting 
in R-values of 0.7 to 0.8. 
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Preconditioning 
As discussed earlier, low moisture seed shows substantial drying 
tolerance. Maturation and drying in the field render corn seed tolerant 
to high temperature drying. Research has shown that even high moisture 
com maintains good seed quality when completely dried at low 
temperature. However, it is not known whether high temperature drying 
would be safe after an initial phase at low temperature. Anonymous 
(1981} could improve seed quality of ears with a poor seed set when they 
initially dried them at 30 C for 48 hours before drying at 40 C instead 
of drying completely at 40 C. It is not clear to what extent and under 
what conditions initial low temperature drying increases tolerance to 
subsequent high temperature drying. High moisture seed conceivably 
could gain drying tolerance even during storage in a nondrying 
environment. 
Double-pass dryers are widely used in the seed industry. Air is 
heated by gas burners and is guided first through a bed of partly dried 
seed before going through a second bed of freshly harvested seed. The 
effect of a double-pass drying system on seed quality is not described 
in the literature. 
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MATERIALS AND METHODS 
Seed Production 
The hybrid corn seed used in this project was produced in 1983, 
1984, 1985, and 1986 on the Bruner Farm of Iowa State University. The 
plantings were arranged in a randomized complete block design. Plots 
consisted of 3 seed parent rows alternated with 2 to 4 rows of 
pollinator. Each block was 80 to 100 meters long. The widely used 
inbred lines A632, B73, and Mo 17 were used as seed parents and H99 x H95 
as the common pollen parent. To insure good pollination, the pollinator 
was planted on 3 dates. Seed parents were hand detasseled. At each 
harvest ears with similar milk line were selected so as to reduce the 
impact of moisture variability (Crookston et al., 1982). Seed moisture 
was determined on at least 15 single ears per inbred and harvest to 
determine the variability in the experimental material. Based on these 
moisture samples it was estimated that at least 90% of the ears were 
within a range of +/-2% from the mean harvest moisture. The same number 
of ears were harvested from each block and the block design was 
maintained throughout the experiment. 
Drying Equipment 
Small scale experimental dryers as described by Navra til and Burris 
(1982) were used for 50 C drying. They were equipped with electrical 
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resistance heaters. Air velocity was set at ca. 75 feet/min. Other 
dryers without heaters were used for the drying at 35 C and the drying 
room was kept at this temperature. The airflow was approximately the 
same as that in the 50 C dryers. The relative humidity in the drying 
room stayed at ca. 35%. Because a single layer of ears was placed on 
each drying tray, no drying front developed and the dryers therefore 
represent a thin-layer system. The temperature was monitored with a 24-
point potentiometrie recorder and copper-constantan thermocouples. A 
Delmhorst Gr-63 moisture meter was used to determine when the seed was 
dry. 
Seed Quality Evaluation 
When samples reached around 12 % seed moisture in the drying 
experiments, ears were hand shelled, tip and base kernels discarded, and 
held in storage at 10 C and 50% R.H. to equilibrate the seed to ca. 11% 
moisture. Part of each seed sample was treated with Cap tan (approx. 500 
ppm) before planting. The standard germination and a cold test were 
conducted on 50 seeds, in each test. Both tests were performed on rolled 
paper towels (Loeffler et al., 1985). Two rows of 25 seeds were planted 
6 and 12 cm from the upper edge of a towel before being covered with an 
additional towel. The loosely rolled towels were placed upright in 
plastic buckets and covered with a polyethylene bag. The germination 
test was evaluated after 7 days at 25 C, the cold test after 14 days, 
first seven days at 10 C followed by 7 days at 25 C. We followed the 
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AOSA seed testing rules for seedling Interpretation (Association of 
Official Seed Analysts, 1985). The percentage of normal seedlings will 
be reported as "% germination". In 1983, shoots and roots of normal 
seedlings In the germination test were removed from the kernels with a 
razor blade and dried at 85 C for 24 hours to determine the average dry 
weight per shoot and root (Navratil and Burris, 1980). 
Drying Experiments 
Drying ears in phases at 50 and 35 C 
Ears were harvested at ca. 48% and 38% seed moisture in 1983 and at 
48 and 32 to 35% in 1984. They were randomly divided into samples of 4 
ears and placed in the dryers at 50 C. The timing of drying Injury was 
investigated by drying samples for different lengths of time at 50 C 
before transfer to 35 C. Four samples (replications) were transferred 
every 6 (1983) or 8 hours (1984). Seed moisture at each transfer was 
determined by the oven method on 20 seeds from each 4-ear sample. An 
additional 12 seeds were used to determine the embryo moisture. Embryos 
were separated from the endosperm with a V-shaped cut using a razor 
blade. Moisture content was calculated as percent of the fresh weight. 
After the transfer, seed samples were dried to about 12% moisture at 35 
C, hand shelled and cold stored before performing the germination tests. 
The same methods were used to determine the effect of Initial low 
temperature drying followed by high temperature drying. Samples were 
first dried for different periods at 35 C before they were transferred 
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to 50 C to be dried to about 12% seed moisture. Transfers were done at 
intervals of 8 to 24 hours with shorter intervals in the early portion 
of the drying process. 
In order to more closely determine the time and moisture range at 
which drying injury occurs, seed samples were dried in 3 phases. The 
experiment was done in 1984 with Mol7 at ca. 47% harvest moisture. This 
should allow comparison with the previously described 2-phase 
experiment. Four samples (replications) of 4 ears each were exposed for 
different lenghts of time to 35 C, then to 50 C before completing the 
drying at 35 C. The duration of the first phase was 8, 16, 24, and 32 
hours. In the last phase samples were dried to 12% seed moisture. Seed 
moisture was determined at both transfers and the seed quality was 
evaluated with a standard germination and a cold test. 
By using the same methods but reversed temperatures, we intended to 
define the most effective time for seed "hardening". Seed samples were 
dried in three intervals of 50, 35, and 50 C. 
Drying ears and shelled seed in comparison 
A632, B73 and Mo 17 were harvested in 1984 and 1985 at different 
moistures as shown in Table 1. The study was designed as a split-plot 
experiment, with 2-ear samples as whole plots. Half of each ear was 
hand-shelled carefully so as not to injure the moist kernels. Each 
sample of 2 shelled and 2 unshelled halves were dried in a meshed 
plastic bag with the shelled seed spread in a thin layer. Four samples 
were dried at 50, 42, and 35 C. The 2 shelled or unshelled halves 
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formed the split plots. 
Table 1. Harvests for drying ears and shelled seed 
Seed 
parent Year 
Seed moisture at harvest (%) 
Harvest 
1 2 3 
A632 1985 47 39 36 
B73 1985 46 39 37 
1984 - - 35 
Mo 17 1985 46 43 38 
1984 - - 32 
The question of injury timing was addressed in a second study where 
samples were dried for different periods at 50 C before they were 
transferred to 35 C. The last harvests In 1985 were not included. 
Transfers were done after 8, 16, and 24 hours and in 1985 also after 4 
hours and with A632 after 48 hours. A treatment of straight 35 C drying 
was used as check. Each whole plot consisted of a single ear, with a 
shelled and an unshelled ear half as split plots. Seed and embryo 
moisture were determined after the 50 C exposure on 10 and 8 kernels per 
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ear half, respectively. When a sample reached about 12% moisture, it 
was removed from the dryer and put in cold storage. Fifty seeds per 
ear-half were used for a standard germination and 50 for a cold test. 
We determined average shoot and root dry weight per normal seedling in 
the germination test. 
The same procedure was used in a third study, where we investigated 
whether the drying rate can influence the effectivity of 35 C-
preconditioning. In this trial samples were first dried at 35 and then 
transferred to 50 C. 
Drying and preconditioning seed at different temperatures and relative 
humidities 
For this experiment we harvested ca. 180 ears of Mo 17 in 1984 and 
ca. 360 in 1985. The average seed moisture was 47% in 1984,and 43% in 
1985. Two ears were used per experimental unit and each treatment was 
replicated 3 times. In 1985 samples were exposed for various lengths of 
time to 8 preconditioning environments before they were dried at 50 C. 
The environments included temperatures of 10, 20 and 35 C and relative 
humidities of 35, 60, and 95%. All combinations of these conditions 
except 10 C / 35% R.H. were applied. In 1984 we included only the 
following combinations: 10 C / 50% R.H., 20 C / 50% R.H., 35 C / 35% 
R.H., 35 C / 50% R.H. We utilized air conditioned rooms, incubators and 
sealed carts to provide the environments. Ears were placed on screen 
trays, were well ventilated with small fans and moved periodically. All 
conditions were monitored with hygrothermographs. Three samples were 
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transferred from each environment to a 50 C dryer after different 
preconditioning times. A moisture sample of 20 seeds was taken from 
each sample at the time of transfer. After drying to 12% moisture, ears 
were removed from the dryers, shelled, and placed in cold storage. 
Evaluation of seed quality included the standard germination and the 
cold test. In 1985, dry weight of shoots and roots in the standard 
germination test was also determined. 
The same material and methods were used in a trial where samples 
were exposed for various lenghts of time to 50 C and different levels of 
relative humidity. In 1984 we used 20 and 60% relative humidity, in 
1985 20, 60, and 95%. For 20% R.H. we utilized the 50 C dryers as 
described earlier. For 60% R.H., the samples were put in an oven with 
little air exchange with the outside air. In 1984 the drying rate was 
higher due to larger fans. For 95% R.H., moist paper was placed in 
plastic crispers and ears were kept on a wire rack in the crispers. The 
crispers were sealed and put into 50 C dryers. Very little moisture was 
lost by the ears indicating that the air in the crispers was saturated 
or nearly saturated. After the 50 C exposure, seed moisture was 
determined on 20 seeds per sample. Ears were transferred into 35 C 
dryers, dried to 12%, shelled and cold stored for later evaluation. 
Drying of excised embryos 
Ears of the seed parent B73 were harvested in 1985 at ca. 50% seed 
and 60% embryo moisture. In a first experiment, 6 ears were used as 
replication block, 120 seeds were shelled from each ear and embryos were 
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excised and placed in a thin layer in 3 dryers set at 50 C, 35 C, and 20 
C, 40 embryos in each dryer. They were removed from the 50 C dryer 
after 2.5 hours at ca. 7% moisture, from the 35 C dryer at ca. 9% 
moisture and from the 20 C dryer at ca. 14% moisture. Ten embryos per 
sample of 40 were used to determine the moisture before, during, and 
after drying to determine the drying rate. After equilibrating the 
embryos to ca. 10% moisture in cold storage, they were surface 
sterilized for one minute in 0.5% sodium hypochlorite. Embryos of each 
treatment and replication were divided into 3 samples of 10 and were 
planted on different media in petri dishes: 
1. 2 sterile filter papers moistened with 3m1 of sterile, 
distilled water. 
2. Sterile sugar medium containing 30 gr of sugar and 8 gr of agar 
per liter of water. 
3. Murashige-Skoog Medium (1962) without cytoklnins and auxins 
(Murashige and Skoog, 1962). 
The embryos were Incubated at 24 C under fluorescent light. After 
3 days we counted the number of embryos with protruded radicles. Shoots 
and roots were removed from the kernels after 7 days of incubation and 
dried for 24 hours at 85 C to determine the average dry weight per 
pIantiet. 
For the second experiment ca. 1000 seeds were carefully shelled 
from 4 ears, mixed, and divided into 40 samples of 25 seeds each. 
Embryos were excised with razor blades from 20 samples. Four samples of 
seeds and of embryos were subjected to each of 6 treatments (Table 2). 
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Additional samples were used to determine the drying rate In each 
treatment. About 30% of the seeds on the ears used In this trial were 
not shelled off. They were dried on the ear at 50 C and ca. 20% R.H. 
for 48 hours as a control treatment. 
Table 2. Treatments in embryo drying experiment 2 in 1985 
Relative humidity during Exposure time at 50 C 
50 C exposure (%) (hrs) 
Samples were spread in thin layers for the 50 C treatment. Our 
experimental dryer was used for the 20% R.H.-treatments. For the 95% 
R.H.-treatments, we placed weighing pans containing the samples into 
sealed plastic crispera with wet paper towels on the base. The crispers 
were exposed to 50 C and developped a nearly saturated atmosphere. The 
same method was used for the medium-humidity treatment, but the crispers 
were not sealed. After the 50 C exposure, samples from the medium and 
high humidity treatments were placed in a 35 C dryer and dried to ca. 
10% moisture content. After drying the samples were planted on paper 
towels and tested for germination. Seedlings with a shoot of less than 
1 cm length were considered abnormal. The embryo radicals were often 
very small. This character was not used to Identify abnormal seedlings 
20 
medium 
95 
2, 24, 48 
24 
2, 24 
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because on the culture media of the previous study we found that even 
plantlets with small radicals developed rather well. The seedling dry 
weight was determined as a vigor parameter. 
In 1986 a third embryo drying study was performed on B73. Sixteen 
ears with similar milkline were selected and over 1200 seeds were 
shelled from these. The rest of the seeds were left on the ears for 
check treatments. The initial seed moisture was determined to be ca. 
47% and the embryo moisture ca. 59%. Twelve times 50 embryos were 
excised. Four replications of 50 seeds and 50 embryos were assigned to 
each of the following treatments: 
1. Drying in a thin layer in 50 C dryer at ca. 20% R.H. for 2 
hours. Embryos were then removed and seeds transferred to 
35 C dryer and dried to ca. 12% moisture. 
2. Drying in the 50 C dryer for 24 hours. Embryos were overdried 
and seeds had ca. 12% moisture when they were removed. 
3. Drying in the 35 C dryer at ca. 35% R.H. for 40 hours. 
In addition, the 16 ears were subjected to the above treatments, 4 
ears (replications) per treatment. However, they were dried at 35 C for 
5 days instead of 40 hours. The 4 remaining ears were dried at 50 C for 
56 hours to a seed moisture of ca. 12%. 
Twenty-five seeds or embryos per sample were planted for a standard 
germination test and 25 for a cold test. Shoot and root length of 
plantlets developing from embryos in the standard germination test were 
measured. 
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Conductivity test 
The 1984 seed samples from the 2-phase study were subjected in 1986 
to a conductivity test. These samples showed a wide range of seed 
viability facilitating a comparison of viability and conductivity 
readings. In 1986, germination and cold tests were rerun on part of the 
material so as to ascertain that germination and conductivity tests were 
performed on the same material. We used an Automatic Seed Analyzer ASA 
610 for the conductivity test. This instrument measures the electrical 
current passing through the solution after soaking seed in distilled 
water. Seeds of medium size were selected by eye and one seed was 
placed in each of the 100 wells of a soaking tray. Wells were filled 
with 4 ml distilled water using an automatic pipetter. Fifty seeds of 
each seed sample were tested. The electric current per well was 
measured after 6 and 24 hours of soaking with a 1 volt setting. The 
current was recorded in microamperes. We analyzed the data by 
calculating the mean current reading per 50-seed sample and the 
frequency of seeds that showed currents below certain values 
(partition). Means and frequencies were calculated for each sample for 
the 6 and 24 hour reading as well as for the difference between these 
readings which represents the increase in current from 6 to 24 hours. 
The difference is of interest because vigorous seeds tend to leak only 
during the first hours of imbibition whereas poor seeds continue to 
leak. Current means and frequencies were correlated with the 
germination values. 
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In a second trial, 12 seed lots were subjected to a conductivity 
test as described in the previous paragraph, 4 seed lots from each A632, 
B73 and Mol7. The lots had been harvested at ca. 48% seed moisture and 
dried for 24 hours at 50 C before being transferred to 35 C. This drying 
procedure produced various injury levels resulting in standard 
germinations of 36 to 98% and cold test germinations of 24 to 82%. 
After 24 hours of soaking in the conductivity test, seeds were removed 
from the soaking tray and planted on moist kimpak (creped cellulose 
paper wadding) in the same order as in the conductivity test. After 5 
days of Incubation at 25 C, each seedling was rated as normal, abnormal, 
or dead, and the total seedling length (from shoot to root tip) was 
measured. 
Embryo temperature during drying 
To determine the contribution of evaporative cooling to the 
protection of seed during the drying process, embryo and cob temperature 
was monitored during the drying process at 50 C in 1986. Four ears of 
ca. 46% seed moisture and 58% embryo moisture were dried at 50 C in a 
thin-layer system. Twenty-four-gage Copper-Cons tantan thermocouples 
were inserted into 4 embryos per ear and into the middle of the shanks, 
both from the bottom and the top. In addition, 4 seeds were shelled off 
from each ear, thermocouples inserted into each embryo and exposed to 
the airflow. During the first 2 hours after the start of drying, 
temperatures were read every 30 seconds with a Zi-Tech Data Taker DTIOO 
and an IBM PC computer. During the following 46 hours the temperature 
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was read every 10 minutes. 
Storability of seed lots with drying injury 
The storability of drying damaged seed was investigated on the 1984 
material of the injury timing study. First germination and cold tests 
were performed 3 months after harvest and second tests 18 months later. 
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RESULTS 
Drying Ears in Phases at 50 and 35 C 
Drying ears in 2 phases at 50 and 35 C 
Harvest 1 All 3 seed parents exhibited drying injury when ears 
were harvested at ca. 48% seed moisture and dried to 12% at 50 C (Table 
A1 and Figures 1, 3, and 4). Short periods of 50 C drying did not -
result in damage. The maximum periods of safe 50 C drying are predicted 
with linear regression equations and presented in Table 3. These safety 
limits of 50 C drying are defined as the period which would result in a 
germination of 95% in the standard germination test and 90% in the cold 
test. Predictions for the 2 years and 3 seed parents ranged between 4 
and 15 hours. 
After the initial lag period, during which no injury occurred, the 
resultant standard germination dropped at rates between 0.52 and 3.53% 
per hour of 50 C drying. These rates are presented as slopes in the 
linear regressions of Table 4. The regression equations are based on 
only those periods in which standard and cold-test germination changed 
over time. Injury increased with drying time even after 25% seed 
moisture was reached. For the cold test the computed slopes are 3.2, 
1.6, and 3.0% per hour at 50 C in 1983 and 3.8, 2.5, and 5.1% in 1984 
for A632, B73, and Mol7 respectively. With all seed parents in both 
years, the cold test values dropped at a greater rate than the standard 
germinations. A dramatic year effect was exhibited by Mo 17. Slopes of 
the germination curves were significantly greater in 1984 than in 1983. 
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Mol7 samples that were dried at 50 C for 24 hours germinated over 90% in 
both tests in 1983 but less than 25% of the seeds in the corresponding 
treatment were viable in 1984. The smallest mean standard germination 
values after continuous drying at 50 C were 36, 47, and 71% in 1983 and 
45, 33, and 6% in 1984 for A632, B73, and Mol7, respectively. The 
smallest corresponding cold-test values were 10, 37, and 38% in 1983 and 
11, 6 and 0% in 1984. Again, a high seed parent by year interaction is 
apparent for Mo 17 which exhibited the highest drying tolerance in 1983 
but the lowest in 1984. Differences between seed parents are 
significant. Statistical comparisons are facilitated by confidence 
intervals that were calculated for predicted seed quality values (Tables 
A4-A6). 
Standard and cold test germination for the first harvest show a 
strong linear relationship not only with drying time at 50 C, but also 
with seed and embyro moisture after the 50 C drying period (Table 4 and 
Figures 3 and 4). It was predicted that - depending on seed parent and 
year - between 3 and 20% seed drying at 50 C would not cause major seed 
injury and produce at least 95% standard and 90% cold-test germination 
(Table 3). This drying interval corresponds to only 1-5% embryo 
moisture loss. The germination decline per % loss of seed moisture 
during 50 C drying ranged from 0.69 to 6.39%, with A632 in 1983 and Mo 17 
in 1984 showing significantly greater rates than the other two varieties 
(Table 4). Correlations between moisture loss during 50 C drying and 
germination values were higher in 1984 than in 1983 and higher in cold-
test than in standard germinations. The 3 variables used to predict 
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seed quality after high temperature drying (drying time, seed and embryo 
moisture) after the 50 C period gave similar correlations in 1984, 
whereas in 1983 drying time on average correlated better than seed or 
embryo moisture. Multivariate analysis with time and moisture as 
independent variables did not significantly improve the description of 
the germination response. 
Seedling dry weights were significantly reduced in 1983 even after 
6 to 12 hours of 50 C exposure in A632 and B73, before any injury was 
exhibited in the germination results (Figure 1). Regression analysis 
showed a significant correlation between seedling dry weights and the 
duration of 50 C drying (Table 6). The rate of deterioration was 
significantly smaller for Mol7 than for B73 and A632. A632 exhibited a 
rapid vigor decline during the first half of 50 C drying but little dry 
weight changes thereafter. 
Harvest 2 Ears of A632 and Mol7 picked in 1984 at 32-35% 
average moisture showed no significant reduction in standard and cold-
test germination during 50 C drying (Table A2 and Figures 2 and 5). B73 
exhibited a significant trend, but Injury was small. It was only after 
overdrying samples at 50 C, that the cold-test result dropped below 90%. 
In 1983, ears of the second harvest were picked at an average seed 
moisture of 38%. They were damaged if dried at 50 C for more than 18-24 
hours. However, cold-test germination increased during this initial 
phase of 50 C drying in the case of Mo 17. Standard germination was 
predicted to drop below 95% or cold-test below 90%, if drying at 50 C 
progressed beyond the seed moisture thresholds of 17% for A632, 26% 
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Table 3. Predicted maximum length of initial 50 C drying period before 
samples had to be transferred to 35 C in order to maintain 
viability* 
Predicted threshold values 
Seed 
parent 
Moisture at 
harvest (%) 
Year Seed Embryo 
Maximum 
drying 
time at 
50 C (hrs) 
Moisture at 
transfer to 
35 C (%) 
Moisture loss 
during 50 C 
drying (%) 
Seed Embryo Seed Embryo 
Harvest 1 
A632 1983 48 48 4 45 48 3 0 
1984 50 55 14 30 50 20 5 
B73 1983 47 47 14 46 47 1 0 
1984 48 58 15 38 57 ' 10 1 
Mo 17 1983 48 50 15 36 47 12 3 
1984 47 57 7 42 56 5 1 
Harvest 2 
A632 1983 37 43 18. 17 29 20 14 
1984 35 49 +b + + + + 
B73 1983 39 45 24 26 35 13 10 
1984 35 48 45 10 10 + + 
Mo 17 1983 37 48 21 24 35 13 13 
1984 32 48 + + + + + 
*The values represent thresholds for a mean standard germination 
of 95% and a cold-test germination of 90%. They are calculated with 
regression equations (Tables 4 and 5). 
^Germination requirements were reached even after complete drying 
at 50 C. 
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Table 4. Linear models to predict germination of seed dried for 
different periods at 50 C before transfer to 35 C; harvest 1 
at ca. 48% seed moisture* 
Parameters of linear regressions 
1983 1984 
x-axis y-axis 
Seed 
parent IC^ Slope R2 IC Slope R2 
Time Standard A632 105 -2.28 0.72 111 -1.16 0.46 
at 50 C germ. B73 112 -1.23 0.35 117 -1.48 0.78 
(hrs) (%) Mo 17 103 -0.52 0.48 119 -3.53 0.86 
LSCf 22 0.76 26 0.85 
Cold-test A632 124 -3.18 0.81 156 -3.76 0.83 
germ. B73 119 -1.58 0.54 135 -2.47 0.79 
(%) Mo 17 167 -3.03 0.83 139 -5.06 0.92 
LSD 29 0.94 31 1.19 
Seed Standard A632 17 1.72 0.65 37 1.91 0.35 
moisture germ. B73 32 1.37 0.30 9 2.26 0.78 
at (%) Mo 17 70 0.69 0.35 -158 5.86 0.85 
transfer LSD 25 0.84 45 1.53 
(%) 
Cold-test A632 -9 2.72 0.78 -39 4.50 0.76 
germ. B73 13 1.85 0.49 -39 3.60 0.80 
(%) Mo 17 30 1.67 0.40 -179 6.39 0.82 
LSD 28 1.01 66 2.04 
Embryo Standard A632 22 1.40 0.74 46 0.98 0.36 
moisture germ. B73 32 1.13 0.30 26 1.21 0.74 
at (%) Mo 17 73 0.47 0.47 -339 7.78 0.77 
transfer LSD 35 0.90 119 2.32 
(%) 
Cold-test A632 -9 2.22 0.86 -8 2.02 0.79 
germ. B73 15 1.45 0.45 -6 1.73 0.83 
(%) Mo 17 37 1.23 0.72 -344 7.86 0.71 
LSD 36 0.98 139 2.71 
^Sections of the x-axis where germination showed no change were 
not included in the regressions. 
^IC = Intercept. 
Variance of regression parameters was pooled over seed parents for 
the LSD calculations. 
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Table 5. Linear models to predict germination of seed dried for 
different periods at 50 C before transfer to 35 C; harvest 2 
at ca. 38% seed moisture in 1983 and at ca. 32 to 35% in 1984* 
Parameters of linear regressions 
1983 1984 
x-axls y-axis 
Seed 
parent IC^ Slope R2 IC Slope R2 
Time Standard A632 100 -0.19 0.22 100 -0.01 0. 00 NS 
at 50 C germ. B73 101 -0.25 0.21 101 -0.05 0. 16 
(hrs) (%) Mo 17 101 -0.18 0.20 100 -0.03 0. 02 NS 
LSD^  6 0.21 - -
Cold-test A632 113 -1.28 0.56 99 -0.01 0. 02 NS 
germ. B73 123 -1.19 0.30 103 -0.29 0. 23 
(%) Mo 17 112 -1.05 0.45 99 -0.07 0. 05 NS 
LSD 31 0.92 - -
Seed Standard A632 94 0.15 0.13 MS 99 0.01 0. 00 NS 
moisture germ. B73 84 0.43 0.20 97 0.10 0. 14 
at (%) Mo 17 92 0.22 0.16 99 0.04 0. 04 NS 
transfer LSD 8 0.30 - -
(%) 
CoId-test A632 58 1.83 0.43 98 0.01 0. 01 NS 
germ. B73 44 1.88 0.26 85 0.48 0. 16 
(%) Mo 17 62 1.17 0.20 96 0.13 0. 07 NS 
LSD 30 1.73 - -
Embryo Standard A632 92 0.17 0.32 NS 100 0.00 0. 00 NS 
moisture germ. B73 85 0.30 0.19 97 0.06 0. 14 
at (%) Mo 17 93 0.13 0.15 99 0.02 0. 04 NS 
transfer LSD 8 0.22 - -
(%) 
Cold-test A632 65 0.87 0.67 98 0.01 0. 01 NS 
germ. B73 52 1.08 0.24 87 0.30 0. 18 
(%) Mo 17 68 0.63 0.27 97 0.07 0. 09 NS 
LSD 22 0.83 - -
^Sections of the x-axis where germination showed no change were 
not included in the regressions. 
^IC = Intercept. 
Variance of regression parameters was pooled over seed parents for 
the LSD calculations. 
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Table 6. Linear models to predict seedling dry weight for samples 
that were dried for different periods at 50 C before trans­
fer to 35 C; 1983* 
x-axls Harvest 
Seed 
parent 
Parameters of linear regressions 
with seedling dry weight in y-axis 
Slope Intercept 
Time at 1 A632 -2.01 . 51 0.96 
50 C (hrs) B73 -0.59 46 0.68 
Mo 17 -0.32 48 0.60 
LSD^ 0.23 4 
2 A632 -0. 64 55 0.73 
B73 -0.30 55 0.62 
Mol7 -0.07 57 0.04 NS 
LSD 0.19 4 
Seed moisture 1 A632 1.55 -26 0.88 
at transfer B73 0.82 3 0.56 
(%) MoI7 0.48 25 0.53 
LSD 0.36 14 
2 A632 0.51 35 0.53 
B73 0.49 35 0.54 
Mo 17 0.03 55 0.01 NS 
LSD 0.26 7 
Embryo 1 A632 1.87 -49 0.07 NS 
moisture B73 0.36 20 0.17 NS 
at transfer Mo 17 0.37 26 0.52 
(%) LSD - -
2 A632 0.57 30 0. 70 
B73 0.34 36 0.51 
Mo 17 0.00 55 0.00 NS 
LSD 0.23 7 
^Sections of the x-axis where the seedling dry weights showed no 
change were not Included in the regressions. 
Variance of regression parameters was pooled over seed parents 
for the LSD calculation. 
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for B73, and 24% for Mol7 (Table 3). Differences between thresholds are 
not significant, as the confidence intervals for the predicted 
germination values at 25% seed moisture overlap (Table A5). 
The rates of deterioration during 50 C drying of the second harvest 
were not significantly different between seed parents (Table 5). If 
expressed on a time basis, the rates were significantly lower than for 
harvest 1 except for the standard germination of Mol7 and the cold-test 
of B73. No significant difference between harvests was determined for 
the slopes of the cold test curves with seed moisture as the x-axis. 
The vigor of the viable seeds as determined by seedling dry weight 
dropped at a significantly lower rate in harvest 2 compared with harvest 
1 (Figure 5 and Table 6). Mol7 seedlings that were rated as normal in 
the standard germination test showed no significant vigor loss due to 50 
C drying in harvest 2. 
Drying ears in 2 phases at 35 and 50 C 
Harvest 1 Continuous 50 C drying of ears harvested at 48% seed 
moisture resulted in considerable seed injury (Table A7 and Figures 7, 
9, and 10). Damage could be greatly reduced by drying seed lots first 
at 35 C before completing the drying at 50 C. The slopes of the 
germination curves in Figures 7-10 represent the effectivity of 35 C 
drying. Significant differences for these slopes were calculated (Table 
8). Observed results and regression calculations in 1983 show that Â632 
was virtually tolerant to 50 C drying after 29 hours at 35 C, whereas 
B73 and Mol7 would require ca. 40 hours of drying at 35 C to reach a 
51 
mean cold-test germination of 90% (Table 7). The requirements for a 
standard germination of 95% were significantly lower (Table A10). In 
1984, standard germination was predicted to reach 95% when samples were 
initially dried for 14, 20, and 22 hours at 35 C, whereas a 90% cold-
test would require 28, 23, and 40 hours for A632, B73, and Mol7, 
respectively (Table 7). 
Initial 35 C drying before 50 C drying effectively improved the 
vigor of viable seeds compared with continuous 50 C drying (Figures 7 
and 12). Seedling dry weights of A632 and B73 exhibited the greatest 
gain during a 35 C phase up to 36 hours whereas longer 35 C drying 
brought little or no improvement. However, 72 hours of drying at 35 C 
were required for Mo 17 to reach a maximum vigor level. 
Seed quality was predicted based on simple linear regression using 
either one of 3 variables in the x-axis: time at 35 C before transfer 
to 50 C, seed moisture before transfer and embryo moisture before 
transfer. Transfer time and seed moisture were highly correlated with 
seed quality and gave similar values (Table 8). Transfer time and 
moisture are also highly correlated with each other, which explains why 
a multiple regression did not significantly improve the prediction of 
seed quality. Embryo moisture exhibited significant correlation with 
seed quality only in 1984. For A632 in 1983 and for B73 in 1984, cold-
test increased over 8% per percent seed moisture loss at 35 C, these 
values being significantly greater than with the other 2 varieties. In 
1983, a 90% cold-test was predicted when Â632 was initially dried at 35 
C to ca. 38% seed moisture, to ca. 35% with B73, and 33% with Mol7 
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Figure 8. Moisture loss and quality of seed dried for different lengths of time at 35 C 
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Table 7. Predicted minimum length of initial 35 C drying period that 
would allow subsequent safe drying at 50 C* 
Predicted threshold values 
Seed 
parent 
Moisture at 
harvest (%) 
Year Seed Embryo 
Required 
drying 
time at 
35 C (hrs) 
Moisture at 
transfer to 
50 C (%) 
Moisture loss 
during 35 C 
drying (%) 
Seed Embryo Seed Embryo 
Harvest 1 
A632 1983 
1984 
48 
50 
48 
55 
29 
28 
38 
32 
47* 
49 
10 
18 
1* 
6 
B73 1983 
1984 
47 
48 
47 
58 
40 
23 
35 
39 
47* 
54 
12 
6 
0* 
4 
Mo 17 1983 
1984 
48 
47 
50 
57 
41 
40 
33 
30 
43 
47 
5 
17 
7 
10 
Harvest 2 
A632 1983 
1984 
37 
35 
43 
49 
11 31 
+ 
39 
+ 
6 
+ 
4 
+ 
B73 1983 
1984 
39 
35 
45 
48 
18 
+ 
32 
+ 
45* 
+ 
7 
+ 
0* 
+ 
Mo 17 1983 
1984 
37 
32 
48 
48 
37 
+ 
26 
+ 
39 
+ 
11 
+ 
9 
+ 
*The values represent thresholds for a mean standard germination 
of 95% and a cold-test germination of 90%. They are calculated with 
regression equations (Tables 8 and 9). 
^Germination requirements were reached even after complete drying 
at 50 C. 
*Value was estimated without regression equation because linear 
trend was not significant. 
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Table 8. Linear models to predict germination of seed dried for 
different periods at 35 C before transfer to 50 C; harvest 1 
at ca. 48% seed moisture* 
Parameters of linear regressions 
x-axis y-axis 
Seed 
parent IC^ 
1983 
Slope R2 IC 
1984 
Slope R2 
Time Standard A632 41 2.54 0.81 62 2.31 0.62 
at 35 C germ. B73 74 0.92 0.42 42 2.71 0.75 
(hrs) (%) Mo 17 76 0.94 0.40 25 3.21 0.75 
LSD^ 17 1.06 19 1.44 
Cold-test A632 16 2.54 0.85 -7 3.46 0.87 
germ. B73 38 1.29 0.76 11 3.44 0.83 
(%) Mo 17 44 1.13 0.68 -6 2.41 0.87 
LSD 16 0.62 19 0.98 
Seed Standard A632 367 -6.78 0.86 242 -3.62 0.72 
moisture germ. B73 161 -1.76 0.34 324 -5.75 0.57 
at (%) Mo 17 160 -1.72 0.44 412 -8.16 0.72 
transfer LSD 95 2.20 147 3.40 
(%) 
Cold-test A632 397 -8.01 0.83 269 -5.56 0.91 
germ. B73 246 -4.40 0.72 420 -8.45 0.83 
(%) Mol7 196 -3.21 0.70 240 -5.06 0.79 
LSD 99 2.35 87 2.07 
Embryo Standard A632 220 -3.11 0.17 NS 172 -1.58 0.05 
moisture germ. B73 131 -0.90 0.09 NS 530 -8.06 0.33 
at (%) Mo 17 156 -1.40 0.12 NS 803 -13.48 0.63 
transfer LSD - - 426 7.67 
(%) 
Cold-test A632 247 -3.93 0.15 NS 446 -7.20 0.82 
germ. B73 187 -2.45 0.16 NS 782 -12.93 0.64 
(%) Mo 17 289 -4.64 0.33 484 -8.39 0.76 
LSD - - 268 4.80 
^Sections of the x-axis where germination showed no change were 
not included in the regressions. 
^IC = Intercept. 
^Variance of regression parameters was pooled over seed parents for 
the LSD calculations. 
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Table 9. Linear models to predict germination of seed dried for 
different periods at 35 C before transfer to 50 C: harvest 2 at 
ca. 38% seed moisture in 1983 and at ca. 32 to 35% in 1984^ 
Parameters of linear regressions 
1983 1984 
x-axis y-axis 
Seed 
parent IC^ Slope R2 IC Slope R2 
Time • Standard A632 97 0.04 0.07 NS 99 0.00 0.00 NS 
at 35 C germ. B73 91 0.40 0.53 99 0.01 0.10 NS 
(hrs)' (%) Mol7 88 0.19 0.15 100 0.01 0.06 NS 
LSCP 7 0.25 - -
Cold-test A632 81 0.85 0.63 99 0.01 0.09 NS 
germ. B73 61 1.65 0.83 97 0.03 0.13 
(%) Mo 17 •66 0.67 0.26 96 0.06 0.19 
LSD 15 0.73 2 0.04 
Seed Standard A632 102 -0.17 0.14 99 -0.02 0.01 NS 
moisture germ. B73 130 -0.95 0.54 101 -0.04 0.12 NS 
at (%) Mo 17 111 -0.61 0.17 100 -0.02 0.05 NS 
transfer LSD 21 0.66 - -
(%) 
Cold-test A632 136 -1.49 0.58 101 -0.07 0.17 
germ. B73 191 -3.12 0.52 102 -0.14 0.12 NS 
(%) Mo 17 175 -3.00 0.31 103 -0.27 0.27 
LSD 87 2.62 5 0.19 
Embryo Standard A632 102 -0.13 0.12 NS 99 -0.01 0.01 NS 
moisture germ. B73 114 -0.39 0.11 NS 101 -0.03 0.10 NS 
at (%) Mo 17 169 -1.73 0.15 NS 100 -0.01 0.09 NS 
transfer 
( 9/\ 
LSD - - - -
\^/ 
Cold-test A632 163 -1.85 0.41 100 -0.03 0.09 NS 
germ. B73 122 -0.81 0.05 NS 102 -0.11 0.13 NS 
(%) Mo 17 169 -2.01 0.20 102 -0.14 0.29 
LSD 107 2.52 
*Sections of the x-axis where germination showed no change were 
not included in the regressions. 
b ^IC = Intercept. 
Variance of regression parameters was pooled over seed parents for 
the LSD calculations. 
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Table 10. Linear models to predict seedling dry weight for samples 
that were dried for different periods at 35 C before trans­
fer to 50 C; 1983* 
x-axis Harvest 
Seed 
parent 
Parameters of linear regressions 
with seedling dry weight in y-axis 
Slope Intercept 
Time at 1 A632 0.85 18 0.77 
35 C (hrs) B73 0.33 29 0.58 
Mo 17 0.17 34 0.62 
LSD^ 0.23 6 
2 A632 0.10 49 0.18 
B73 0.25 41 0.71 
Mo 17 0.14 50 0.24 
LSD 0.12 5 
Seed moisture 1 A632 -1.74 104 0.76 
at transfer B73 -1.27 88 0.63 
(%) MoI7 -0.52 59 0.65 
LSD 0.58 23 
2 A632 -0.48 64 0.39 
B73 -0.66 67 0.71 
Mol7 -0.36 65 0.17 
LSD 0.36 10 
Embryo 1 A632 -1.68 112 0.11 NS 
moisture B73 0.14 31 0.00 NS 
at transfer Mol7 -0.40 57 0.63 
(%) LSD - -
2 A632 -0.36 63 0.39 
B73 -0.39 63 0.44 
Mo 17 -0.17 62 0.10 NS 
LSD 0.27 10 
^Sections of the x-axls where the seedling dry weights showed no 
change were not Included in the regressions. 
Variance of regression parameters was pooled over seed parents 
for the LSD calculation. 
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(Table 7). However, slow drying to 30% still assured only a 75% mean 
cold germination for Mo 17 (lower confidence limit in Table AlO: 88-13%). 
In 1984, samples were not Injured by 50 C when first dried at 35 C to 
ca. 28% seed moisture. B73 required low temperature drying to ca. 39% 
only, which was significantly less than the other two varieties. 
Harvest 2 No significant drying Injury occurred in 1984 if ears 
were harvested at seed moistures between 32 and 35% and dried at 50 C 
(Table 9). Ears that were harvested at ca. 38% seed moisture in 1983 
and dried at 50 C showed little damage in the standard germination test 
but a considerable reduction in the cold-test performance. Eleven hours 
of initial 35 C drying were predicted to render A632 tolerant to 50 C 
drying, whereas requirements for B73 and Mol7 were calculated to be 18 
and 37 hours (Table 7). The seed quality of Mol7 was rather variable 
even after complete 35 C drying. Seedling vigor was less affected by 50 
C drying in harvest 2 than in harvest 1. However, initial 35 C drying 
significantly increased seedling dry weight in all 3 varieties and the 
greatest linear dependence was shown for B73 (Table 10, Figure 12). 
Drying ears in 3 phases at 35, 50, and 35 C 
Mo 17 ears harvested at 47% seed moisture could be dried at 50 C for 
up to 32 hours without a major reduction in standard germination, when 
the ears were initially dried for at least 16 hours at 35 C (Table 11 
and Figure 13). An initial 35 C phase of only 8 hours followed by 50 C 
drying for at least 16 hours caused a decline of the standard 
63 
germination to values between 68 and 89%. A greater response to the 
different treatments was observed in the cold test where drying injury 
was greater than in the standard test. The longer samples were 
initially dried at 35 C, the longer could they sustain subsequent 50 C 
drying without great reduction of cold-test values. However, values 
were slightly reduced to 89-92% even after 40 hours of initial 35 C 
drying, when this phase was followed by at least 24 hours of 50 C 
drying. 
Single and multiple linear regressions were performed using 7 
different models with the following 4 independent variables (Table 12): 
initial time at 35 C (Tl), interval at 50 C (T2), seed moisture after 
initial phase (SMI), and moisture loss during the 50 C interval (ML). 
Tl showed a greater significance in determining standard germination 
than T2, but T2 explained a greater part of the cold-test response than 
Tl. SMI is highly correlated with Tl and ML with T2 (Table A17). 
Therefore, it is not surprising that the contribution of SMI and ML were 
not significant when added to the model with Tl and T2. Partial sums of 
squares in the model with all 4 variables were only significant for Tl 
meaning that the effect of Tl could not be completely described by the 
other 3 variables. 
Drying ears in 3 phases at 50, 35, and 50 C 
The standard germinatiou--of-MoI7 samples 
moisture and dried in 3 phases at 50, 35, and 
the duration of the initial 50 C phase (Table 
harvested at 47% seed 
50 C depended highly on 
13 and Figure 14). 
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Standard germination reached 95-100% If samples were initially dried at 
50 C for no longer than 8 hours follwed by 16-32 hours at 35 C. Injury 
increased with longer initial 50 C phases. The duration of the 35 C 
phase was not significant for the standard germination (Table 14). In 
contrast, the moisture loss during the 35 C interval significantly 
affected the standard germination. This was different in the cold-test. 
The length of the 35 C phase was highly significant (Table 13). The 
shorter the 35 C Interval the lower was the cold-test result. A minimum 
amount of moisture loss was required during 35 C drying so that no 
additional injury would be caused by the third phase at 50 C. Only when 
the initial 50 C phase was 40 hours no additional injury was caused 
during the third phase and the length of the 35 C interval was not 
significant. Moisture values described the germination response 
slightly better than the duration of the drying phases and gave higher 
R^-values in the regressions (Table 14). Because of the high 
correlation between moisture and time variables, partial sums of squares 
were mostly insignificant in the model with 4 independent variables. 
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Figure 13 . Standard and cold-test germination of Mol7 harvested at 47% seed moisture and dried 
in 3 phases at 35, 50, and 35 C 
Table 11. Moisture loss and quality of seed from Mol7 harvested at 
47% seed moisture and dried In 3 phases at 35, 50, and 35 C 
Initial Interval at 50 C (hrs) 
time 
Measure- at 35 C 
ment (hrs) 8 16 24 32 Mean 
Seed 8 43.4* 43.8 43.2 43.7 43.5 
moisture 16 40.9 40.5 40.6 40.5 40.6 
at first 24 35.7 37.2 39.1 37.1 37.3 
transfer 32 35.7 34.5 35.2 36.0 35.3 
(%) 40 32.0 32.9 32.2 31.6 32.2 
Mean 37.6% 37.8 38.1 37.8 37.8 
Seed 8 38.3 30.5 24.2 20.2 28.3 
moisture 16 34.1 27.4 24.2 16.0 25.4 
at 24 30.2 24.3 22.0 17.4 23.5 
second 32 30.5 25.8 19.2 14.1 22.4 
transfer 40 27.0 24.6 20.5 13.1 21.3 
(%) 
Mean 32.0 26.5 22.0 16.2 24.2 
Standard 8 99.5 84.5 89.0 68.5 85.4 
germination 16 97.5 98.5 95.5 93.0 96.1 
(%)* 24 98.0 97.5 99.5 99.0 98.5 
32 100.0 99.5 97.5 99.5 99.1 
40 99.5 100.0 98.5 99.0 99.3 
Mean 98.9 96.0 96.0 91.8 95.7 
Germlna tlon 8 94.0 88.5 81.5 58.5 80.6 
In cold 16 96.5 96.0 89.0 67.0 87.1 
test (%)G 24 97.0 95.5 96.5 85.5 93.6 
32 97.0 97.5 94.0 91.0 94.9 
40 99.5 97.5 89.5 92.0 94.6 
Mean 96.8 95.0 90.1 78.8 90.2 
^Values are means of 4 replications. 
Values are means of 5 x 4 replications. 
^Percent seedlings rated as normal. 
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Table 12. Linear relationships between seed quality and drying 
characteristics when Mol7 samples were dried in 3 phases 
at 35, 50, and 35 C 
Dependent variables in linear regressions 
Independent 
variables Standard germination Cold-test germination 
included 
Model in 
# mode1 Source df SMS* PMsb R2 SMS PMS R2 
1 Tie Tl 1 1513*** 0.25 2045*** 0.16 
Error 78 59 139 
2 T2^ T2 1 454* 0.07 3469*** 0.27 
Error 78 . 72 121 
3 SMI® SMI 1 1169*** 0.19 1794*** 0.14 
Error 78 63 143 
4 NL^ ML 1 633** 0.10 4707*** 0.36 
Error 78 70 105 
5 Tl, T2 Tl 1 1513*** 1513*** 0.32 2045*** 2045*** 0.43 
T2 1 454** 454** 3469*** 3469*** 
Error 77 54 54 
6 SMI, ML SMI 1 1169*** 784*** 0.23 1794*** 532* 0.41 
ML 1 247* 247* 3444*** 3444*** 
Error 77 61 61 100 100 
7 Tl, T2 Tl 1 1513*** 390** 0.35 2045*** 494* 0.45 
SMI, ML T2 1 454** 211 3469*** 16 
SMI 1 74 20 24 120 
ML 1 63 63 244 244 
Error 75 53 53 95 95 
*Nean squares derived from sequential sums of squares. 
Mean squares derived from partial mean squares. 
^Initial time at 35 C (hrs). 
Interval at 50 C (hrs). 
^Seed moisture after initial 35 C drying (%). 
Moisture loss during 50 C drying (%). 
*, **, ***Significant at the 0.05, 0.01, and 0.001 level, 
respectively. 
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Each pyramid tip represents the mean of four 4-ear samples. 
Standard and cold-test germination of Mol7 harvested at 47% seed moisture and dried 
in 3 phases at 50, 35, and 50 C 
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Table 13. Moisture loss and quality of seed from Mol7 harvested at 
47% seed moisture and dried in 3 phases at 50, 35, and 50 C 
Ini tia 1 
time 
Interval at 35 C (hrs) 
Measure- at 50 C 
ment (hrs) 8 16 24 32 Mean 
Seed 8 42.7* 42.6 43.3 44.2 43.2 
moisture 16 38.5 38.1 38.1 39.3 38.5 
at first 32 28.4 29.7 28.8 31.6 29.6 
transfer 
/ <y \ 
40 20.5 23.3 21.0 18.4 20.8 
\ / q )  
Mean 32.5b 33.4 32.8 33.3 33.0 
Seed 8 38.9- 34.1 33.1 29.0 33.7 
moisture 16 34.4 30.2 26.8 26.2 29.4 
at second 32 26.5 25.9 21.8 19.4 23.4 
transfer 40 18.4 19.9 15.9 13.5 16.9 
(%) 
Mean 29.5 27.5 24.4 22.0 25.9 
Standard 8 91.0 100.0 100.0 95.5 96.6 
germination 16 77.5 67.5 74.5 71.0 72.6 
(%)* 32 65.5 82.5 55.0 79.0 70.5 
40 24.5 45.5 18.0 40.5 32.1 
Mean 64.6 73.9 61.9 71.5 68.0 
Germination 8 21.5 74.0 88.5 92.5 69.1 
in cold 16 29.0 49.5 61.5 70.5 52.6 
test (%)G 32 34.5 59.5 46.0 58.5 49.6 
40 10.0 22.5 11.0 20.0 15.9 
Mean 23.8 51.4 51.8 60.4 46.8 
^Values are means of 4 replications. 
Values are means of 4 x 4 replications. 
^Percent seedlings rated as normal. 
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Table 14. Linear relationships between seed quality and drying 
characteristics when Mol7 samples were dried In 3 phases 
at 50, 35, and 50 C 
Dependent variables In linear regressions 
Independent 
variables Standard germination Cold-test germination 
Included 
Model 
# 1 
in 
model Source df SMS* PMsb R2 SMS PMS R2 
1 T1 Tjc 1 27510*** 0.50 19184*** 0.33 
Error 62 440 641 
2 T2 T2d 1 60 0.00 9724*** 0.16 
Error 62 883 793 
3 SMI SMI® 1 30635*** 0.56 21992*** 0.37 
Error 62 390 596 
4 ML ML^ 1 9535*** 0.17 26085*** 0.44 
Error 62 730 530 
5 T1 , T2 Tl 1 27510*** 27510*** 0.50 19184*** 19184*** 0.49 
T2 1 60 60 9724*** 9724*** 
Error 61 . 446 446 492 492 
6 SMI , ML SMI 1 30635*** 21139*** 0.56 21992*** 4366** 0.52 
ML 1 39 39 8459*** 8459*** 
Error 61 395 395 467 467 
7 T1 , T2 Tl 1 27510*** 163 0.57 19184*** 3 0.53 
SMI , ML T2 1 60 431 9724*** 885 
SMI 1 3136** 3462** 2157* 861 
SML 1 486 486 284 284 
Error 59 400 400 467 467 
*Mean squares derived from sequential sums of squares. 
Mean squares derived from partial sums of squares. 
^Initial time at 50 C (hrs). 
Interval at 35 C (hrs). 
^Seed moisture after initial 50 C drying (%). 
Moisture loss during 35 C drying (%). 
*, **, ***Signifleant at the 0.05, 0.01, and 0.001 level, 
respectively. 
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Drying Ears and Shelled Seed 
Drying ears and shelled seed at 50, 42, and 35 C 
Samples harvested at 32 to 47% seed moisture and dried as ears or 
shelled seed at 35 and 42 C germinated at least 95% in the standard 
germination test except for shelled seed of Mol7 (Table 15). Standard 
germination of shelled Mol7 declined by 6 and 12% compared with ear 
drying at harvest 1 and by 7 and 4% at harvest 3 for drying temperatures 
of 35 and 42 C, respectively. Drying of Mol7 ears at 42 C caused a 
slightly reduced cold germination of 88-93%, whereas the other two 
varieties germinated above 95%. All three varieties exhibited a decline 
in cold germination after 42 C drying of shelled seed. 
The late harvested material in 1984 (32-35% seed moisture) was 
tolerant to 50 C drying on the ear. All samples in 1985 even when 
harvested at 38% and dried on the ear were injured by 50 C drying. The 
cold-test results were significantly lower than the standard germination 
with mean differences up to 64%. An extreme case occurred with intact-
ear drying of A632, harvested at 39% seed moisture. The standard 
germination test result of 96% showed virtually no injury, but only 52% 
of the seeds germinated in the cold test. Seedling dry weights were 
always lower on shelled samples compared with the sister samples that 
were dried on the ears. 
Drying ears and shelled seed in 2 phases at 50 and 35 C 
Mol7 harvested in 1984 at ca. 32% seed moisture germinated at least 
95% in both tests when dried at 50 C either on the ear or as shelled 
Table 15. Seed quality after drying of shelled and ear corn at 
35, 42, and 50 C* 
Harvest Standard germination (%)^ 
Seed 
parent 
Moisture 
(%) 
Drying on Drying temperature (C) 
Year 
ear or 
shelled 35 42 50 
A632 47 1985 ear 
shelled 
99.5 
98.5 
99.5 
99.5 
69.5 
8.5 
39 1985 ear 
shelled 
100.0 
99.0 
100.0 
99.3 
96.5 
77.5 
36 1985 ear 
shelled 
100.0 
100.0 
94.0 
99.5 
61.7 
80.9 
B73 46 1985 ear 
shelled 
99.5 
100.0 
100.0 
99.5 
84.0 
21.5 
39 1985 ear 
shelled 
100.0 
98.5 
100.0 
98.7 
71.5 
10.0 
37 1985 ear 
shelled 
98.8 
99.5 
99.5 
99.0 
41.3 
1.5 
35 1984 ear 
shelled 
99.0 
99.0 
99.5 
90.0 
Mo 17 46 1985 ear 
shelled 
99.5 
93.5 
98.5 
86.5 
16.7 
0.5 
43 1985 ear 
shelled 
95.2 
97.5 
100.0 
97.0 
36.0 
0.0 
38 1985 ear 
shelled 
98.0 
91.0 
99.5 
95.5 
43.5 
17.6 
32 1984 ear 
shelled 
99.0 
100.0 
99.0 
99.5 
*A11 values are means of 4 replications. LSD for comparison 
of ear versus shelled drying at a given level of main plot factors 
is 7.3% for standard germination, 5.4% for cold test, 3.3 mg for 
seedling dry weight, and 0.18 for shoot to root ratio. 
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Germination Seedling Shoot/root 
in cold test (%)b dry weight (mg)^ ratio^ 
Drying temp. (C) Drying temp. (C) Drying temp. (C) 
35 42 50 35 42 50 35 42 50 
100.0 99.5 7.5 
100.0 78.0 0.0 
100.0 96.5 52.5 
99.5 58.5 7.8 
99.0 97.0 24.5 
99.5 90.5 41.5 
100.0 100.0 19.8 
98.5 97.0 3.5 
100.0 97.0 21.0 
99.0 45.5 2.0 
100.0 99.5 8.5 
99.0 84.0 2.5 
99.0 95.5 
97.9 55.0 
96.5 93.5 0.0 
8 6 . 0  1 8 . 0  0 . 0  
88.5 93.0 0.0 
71.5 38.5 0.0 
99.5 88.5 19.5 
87.5 68.5 8.0 
100.0 99.4 
100.0 96.3 
55.2 57.8 36.7 
48.8 45.2 13.7 
59.9 59.9 54.1 
53.4 56.1 35.4 
77.7 62.9 59.2 
66.7 65.1 53.6 
57.8 57.0 42.9 
46.6 44.8 22.9 
66.0 59.6 51.1 
53.1 49.1 30.8 
68.7 74.4 50.4 
58.2 56.2 
63.4 
54.6 36.0 
54.5 59.4 18.5 
43.0 39.0 
61.4 69.5 32.8 
55.8 57.7 
71.0 69.0 53.1 
57.4 61.4 28.0 
61.5 62.5 
60.6 54.5 
2.37 2. 19 3.84 
1.77 2.73 5.83 
3.02 2.15 2.39 
3. 20 2.45 4.54 
1.41 2.09 2.24 
1.52 2.05 1.91 
1.99 2.12 2.86 
1. 66 2.62 4.03 
1.81 1.92 1.97 
1. 96 2. 16 3.34 
1.80 1.52 2.23 
2 . 1 6  2 . 2 6  
1.70 
1. 78 2.65 
1. 76 1.59 2. 72 
1.45 1.66 
1.69 1.18 2.92 
1.55 1.28 
1.41 1.31 1.81 
1.82 1.60 2.03 
2.16 1.76 
1.93 2.21 
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corn (Table 16). Seedling dry weights were not significantly affected 
by treatments. A drop In standard and cold-test germination was 
observed with B73 when harvested at ca. 35% seed moisture In 1984 and 
dried as shelled samples for at least 16 hours at 50 C. Seedling dry 
weights declined after only 8 hours at 50 C. In contrast, up to 24 
hours of intact-ear drying of B73 resulted In equally good seed quality 
at both 50 or 35 C. The differences In seed quality between B73 and 
Mol7, between shelled seed and intact-ear drying, and between different 
drying times at 50 C were highly significant (Table B2). 
More detailed investigations of the Impact of drying rates on seed 
quality were undertaken in 1985. A632, B73, and Mol7, harvested at ca. 
46% seed moisture and dried on the ear were Injured by drying for 16 to 
24 hours at 50 C (Tables 17-19). Halves of the same ears, when shelled 
before drying, exhibited significant damage after only 4 hours of 50 C 
drying. Injury was generally greater for shelled seed than for ear corn 
and appeared after a shorter 50 C exposure. Both standard and cold-test 
results were depressed to a similar extent. Material of the second 
harvest responded in the same pattern. The mean standard and cold-test 
germination was 3-4% higher in harvest 2 than in harvest 1 and this 
difference was statistically significant (Tables 20 and B3). The means 
were 26 and 10% higher in harvest 2 than in harvest 1 for standard and 
cold-test germination of A632, 3-6% higher in harvest 1 for B73, and 13-
16% higher in harvest 1 for Mo 17. Therefore the harvest by seed parent 
interaction was highly significant. The difference between intact-ear 
and shelled seed drying explained the greatest part of the variance 
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followed by the exposure time at 50 C and the difference between seed 
parents. Mol7 showed the lowest mean germination, Â632 the highest. 
Shelled seed from A632 was significantly more drying tolerant than that 
from B73 and Mol7, whereas intact ears from both A632 and B73 yielded 
mean germination values above 90% and were significantly more drying 
tolerant than ears from Mol7. 
The seedling dry weight was not significantly different between 
seed parents and between harvests, but was greatly affected by drying 
time at 50 C. A632 and B73 produced lower seedling dry weights in 
harvest 2 than in harvest 1, but Mol7 showed reversed results which 
explains the significant interaction between harvest and seed parent. 
The shoot to root ratio was significantly different between seed 
parents. Mean values of 2.69, 2.22 and 1.71 were calculated for A632, 
B73, and Mol7. The shoot to root ratio was significantly affected by 
drying time at 50 C, but it did not consistently increase with prolonged 
exposure to 50 C. _ 
Seed drying rates during the first 24 hours of drying were 2-3 
times greater for shelled seed than for embryos (Tables 26 and 27). The 
35 C drying rates of shelled seed were in all cases greater than 50 C 
drying rates of seeds dried on the ear. Differences between embryo 
drying rates of shelled and ear corn were even wider. Embryos of A632 
and Mol7 harvested at ca. 46% seed moisture did not dry in the first 8 
hours of ear drying whereas they dried rapidly when seed was shelled 
before drying. 
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Table 16. Moisture loss and quality of seed dried as shelled and ear 
com for different leng ths of time at 50 C before transfer 
to 35 C; results of 1984* 
Germina tion^ 
Moisture 
Seed Drying Drying at transfer Seedl. 
parent/ on ear time to Standard Cold dry Shoot 
Harvest or transfer Seed Emb. test test weight /root 
moisture shelled (hrs) (%) < % )  (%) (%) (mg)G ratio* 
B73/ ear 0 35.0 48.0 99.0 99.0 63.4 1.70 
35% 8 26.4 38.9 100.0 100.0 56.0 1.98 
16 25.9 39.9 100.0 98.2 60.9 1.86 
24 22.3 32.5 100.0 100.0 57.3 2.07 
shelled 0 35.0 48.0 99.0 99.4 56.9 1.89 
4 25.8 37.2 
8 16.2 18.2 99.5 97.9 46.7 2.42 
16 15.2 15.1 80.0 34.1 30.9 3.09 
24 10.2 8.3 95.0 76,2 41.1 2.29 
Mo 17/ ear 0 32.0 48.0 99.0 100.0 61.5 2.16 
32% 8 23.1 33.9 99.5 100.0 65.0 1.81 
16 19.8 27.8 100.0 100.0 61.8 1.85 
24 12.6 13.2 99.0 99.4 62.5 1.76 
shelled 0 32.0 48.0 100.0 100.0 60.6 1.93 
4 19.4 25.5 
8 12.8 11.6 100.0 97.5 55.1 2.18 
16 10.2 7.9 97.5 98.7 56.8 2.25 
24 9.9 9.1 99.5 95.3 54.1 2.26 
*A11 values are means of 4 replications. 
^Percent seedlings rated as normal. 
^Average dry weight of normal seedlings in the standard germination 
test. 
^Ratio of shoot to root dry weight. 
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Table 17. Moisture loss and quality of seed from A632 dried as 
shelled and ear com for different lengths of time at 50 C 
before transfer to 35 C; results of 1985* 
Germination^ 
Moisture 
Drying Drying at transfer Seedl. 
Harvest on ear time to Standard Cold dry Shoot 
moisture or transfer Seed Emb. test test weight /root 
(%) shelled (hrs) (%) (%) (%) (%) (mg)^ ratio 
47 ear 0 47.0 52.0 99.5 100.0 55.2 2.37 
4 42.4 52.0 98.0 99.0 56.1 2.43 
8 32.7 52.1 100.0 100.0 56.4 2.28 
16 30.7 44.0 98.5 94.0 45.4 2.54 
24 26.7 40.5 74.0 61.0 38.2 2.60 
48 10.9 9.6 23.5 5.0 29.7 3.68 
shelled 0 47.0 52.0 98.5 100.0 48.8 1.77 
4 31.0 40.0 48.5 33.5 31.3 3.93 
8 22.0 33.9 35.0 16.0 24.2 4.01 
16 11.6 8.7 14.5 1.5 20.9 3.49 
24 9.1 6.7 2.0 0.5 
39 ear 0 39.0 100.0 100.0 59.9 3.02 
4 36.8 49.2 100.0 100.0 60.2 2.41 
8 32.2 46.5 99.5 100.0 62.8 2.03 
16 26.7 42.8 98.5 94.0 59.5 2.45 
24 20.8 34.4 100.0 84.5 53.8 2.37 
shelled 0 39.0 99.0 99.5 53.4 3.20 
4 26.1 36.2 92.0 66.0 51.3 2.52 
8 18.0 20.3 96.5 18.5 44.3 2.46 
16 11.2 9.5 68.0 21.3 44.2 2.93 
24 9.3 8.5 79.0 17.5 38.6 2.70 
*A11 values are means of 4 replications. 
^Percent seedlings rated as normal. 
Average dry weight of normal seedlings in the standard germination 
test. 
^Ratio of shoot to root dry weight. 
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Table 18. Moisture loss and quality of seed from B73 dried as shelled 
and ear com for different lengths of time at 50 C before 
before transfer to 35 C; results of 1985* 
Germination^ 
Moisture 
Drying Drying at transfer Seedl. 
Harvest on ear time to Standard Cold dry Shoot 
moisture or transfer Seed Emb. test test weight /root 
(%) shelled (hrs) (%) (%) (%) (%) (mg)G ratio^ 
46 ear 0 46.0 57.0 99.5 100.0 57.8 1.99 
4 42.8 55.1 99.5 99.0 58.0 2.02 
8 39.9 54.3 99.5 98.5 55.1 2.25 
16 34.6 49.6 100.0 93.0 44.2 2.50 
24 31.8 46.1 95.0 78.5 46.4 2.35 
shelled 0 46.0 57.0 100.0 98.5 46.6 1.66 
4 34.6 49.1 51.5 47.0 36.0 3.39 
8 24.8 39.3 8.5 5.5 30.3 5.50 
16 13.1 14.4 2.0 0.5 
24 9.7 25.8 4.5 1.0 
39 ear 0 39.0 52.0 100.0 100.0 66.0 1.81 
4 35.8 47.9 99.5 99.0 65.8 1.59 
8 32.9 48.8 98.5 99.5 58.2 1.95 
16 32.9 48.1 94.0 93.0 40.7 2.24 
24 22.1 34.9 85.5 48.0 49.5 2.15 
shelled 0 39.0 52.0 98.5 99.0 53.1 1.96 
4 28.9 43.9 45.0 16.0 42.0 2.43 
8 23.6 31.6 6.5 1.5 
16 14.2 14.6 5.0 1.0 
24 9.0 7.5 2.5 2.5 
*A11 values are means of 4 replications. 
^Percent seedlings rated as normal. 
^Average dry weight of normal seedlings in the standard germination 
test. 
^Ratio of shoot to root dry weight. 
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Table 19. Moisture loss and quality of seed from Mo 17 dried as 
shelled and ear com for different lengths of time at 50 C 
before transfer to 35 C; results of 1985^ 
Germination^ 
Moisture 
Drying Drying at transfer Seedl. 
Harvest on ear time to Standard Cold dry Shoot 
moisture or transfer Seed Emb. test test weight /root 
(%) shelled (hrs) (%) (%) (%) (%) (mg)^ ratio 
46. ear 0 46.0 54.0 99.5 96.5 54.5 1.76 
4 42.1 54.6 99.5 99.5 71.3 1.25 
8 42.0 55.1 95.5 93.5 63.5 1.58 
16 34.6 48.8 96.0 89.5 60.0 1.55 
24 31.8 44.5 86.5 73.0 48.2 2.12 
shelled 0 46.0 54.0 93.5 86.0 43.0 1.45 
4 32.1 42.3 21.0 8.5 32.2 2.65 
8 23.7 32.1 4.5 0.0 
16 12.7 11.0 1.0 0.0 
24 9.5 9.2 0.0 0.0 
43 ear 0 43.0 55.0 95.2 88.5 61.4 1.69 
4 40.1 53.1 91.5 86.5 60.7 1.22 
8 36.3 51.1 91.5 78.5 62.5 1.20 
16 32.3 45.9 51.8 45.0 35.2 1.80 
24 27.2 42.1 21.5 14.0 37.1 1.65 
shelled 0 43.0 55.0 97.5 71.5 55.8 1.55 
4 29.3 43.1 19.5 4.5. 35.7 2.38 
8 19.3 25.2 0.0 0.5 
16 10.7 8.1 0.0 0.0 
24 8.6 6.8 0.0 0.0 
*A11 values are means of 4 replications. 
Percent seedlings rated as normal. 
^Average dry weight of normal seedlings in the standard germination 
test. 
^Ratio of shoot to root dry weight. 
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Table 20. Quality of seed dried as shelled and ear corn for different 
different lengths of time at 50 C before transfer to 35 C; 
means for 1985* 
Means 
Factor 
Factor 
level 
Moisture 
at transfer 
Seed Embryo 
(%) (%) 
Germination 
Seedl. 
Standard Cold dry Shoot/ 
test test weight root . 
(%) (%) (mg) ratio 
Overall mean 26.0 35.6 66.0 57.0 50.0 2.25 
Seed A632 24.2 32.8 80.0 65.5 48.1 2.69 
parent B73 26.9 38.2 64.7 59.0 51.0 2.22 
Mol? 27.0 35.8 53.3 46.8 51.4 1.71 
Harvest 1 27.8 37.9 64.2 59.1 47.6 2.36 
2 24.3 33.3 67.9 54.9 52.3 2.15 
Ear/ Ear 33.7 47.6 92.3 86.7 54.7 2.05 
shelled Shelled 18.4 23.7 39.8 27.3 41.6 2.62 
Seed A632, HI 25.8 34.7 66.8 60.5 43.0 2.77 
parent H2 22.6 30.9 93.2 70.6 52.8 2.62 
and B73, HI 28.9 41.7 66.0 62.1 48.5 2.42 
harvest H2 24.9 34.7 63.5 55.9 53.6 2.02 
(H) Mo 17, HI 28.6 37.2 59.7 54.6 52.6 1.78 
H2 25.5 34.4 46.9 38.9 50.3 1.64 
Seed A632, ear 31.1 45.2 96.8 93.1 54.5 2.46 
parent sh. 17.3 20.5 63.3 37.8 40.6 2.96 
and B73, ear 34.1 48.1 97.1 90.8 54.2 2.08 
ear/ sh. 19.7 28.3 32.4 27.2 43.6 2.55 
shelled Mol7, ear 35.8 49.4 82.9 76.4 55.5 1.59 
sh. 18.2 22.2 23.7 17.1 41.7 2.01 
^Values reported for one factor are means over all other factors. 
The 48-hour treatment was not included so as to make the means compa­
rable . 
^Percent seedlings rated as normal. 
jAverage dry weight of normal seedlings in the germination test. 
Ratio of shoot to root dry weight. 
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Drying ears and shelled seed in 2 phases at 35 and 50 C 
Initial 35 C drying induced tolerance to 50 C drying both when 
performed on ears or shelled seed (Tables 21-24). B73 harvested in 1984 
at 35% seed moisture benefited by a 24 hour interval at 35 C. Seedling 
dry weights increased with both ear and shelled-seed drying at 35 C and 
the cold-test result rose from 76 to 98% for shelled seed. Mo 17 
harvested at 32% seed moisture in 1984 showed nearly 100% germination 
even after complete drying at 50 C, and the only effect of initial 
drying at 35 C was a 10-20% increase in seedling dry weights for shelled 
samples. 
A632 could be safely dried at 50 C in 1985 if first dried for 16 
hours at 35 C in harvest 1 and for 24 hours in harvest 2. These 
requirements can be expressed as a moisture content which has to be 
reached before 50 C drying is safe. These values are 39% seed moisture 
for ears and 23% for shelled seed at harvest 1 and 29% for ears and 13% 
for shelled seed at harvest 2. Tolerance to 50 C necessitated a similar 
length of time of initial 35 C drying for both ear and shelled corn even 
though shelled com dried much more during that phase. Embryo moisture 
content after the required 35 C drying phase was 53 and 30% at harvest 
1, 46% and 14% at harvest 2 for ear and shelled seed drying, 
respectively. 
B73 harvested in 1985 gave the same results as A632 except that the 
required initial 35 C drying was ca. 24 hours at harvest 1 and 24-48 
hours at harvest 2. Mol7 only reached 95% cold-test germination if ears 
of the first harvest were dried 48 hours at 35 C before transfer to 
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50 C. Even this treatment only resulted in 88% cold germination with 
intact-ear drying at harvest 2. Shelled Mol7 seed of both harvests 
germinated only ca. 60% in the cold-test even after complete 35 C 
drying, whereas the standard germinaton test produced above 90% normal 
seedlings. Seedling dry weights of shelled samples, that were dried for 
48 hours at 35 C, were 13 to 25% lower than those of the corresponding 
unshelled samples. 
The effect of the different factors included in the 1985 experiment 
are presented in the tables 25 and B5. The standard germination 
averaged 77.7% in harvest 1 and 83.0% in harvest 2. This difference was 
significant (Table B5). Seedling dry weights were significantly greater 
in harvest 2 than in harvest 1 and shoot to root ratios significantly 
smaller. Mean germination values for A632 and B73 were smaller in 
harvest I, but Mo 17 showed a lower mean standard germination in harvest 
2. The mean standard and cold-test germination was significantly 
smaller for Mol7 than for A632 and B73. Differences between seed 
parents explained the greatest part of the variance for shoot to root 
ratio. Like in the previous study, the ratio was greatest for A632 
with 2.62, compared with 2.27 and 1.83 for B73 and Mo 17. Mean seedling 
dry weights for the seed parents ranged between 48.9 and 52.7 mg which 
contributed a significant portion to the variance. The initial time at 
35 C greatly influenced standard and cold-test germination and seedling 
dry weight but did not have a significant effect on shoot to root ratio. 
The split plot factor (ear versus shelled) contributed very 
significantly to the variance of all seed quality traits. 
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Table 21. Moisture loss and quality of seed dried as shelled and ear 
com for different leng ths of time at 35 C before transfer 
to 50 C; results of 1984* 
Germination^ 
Moisture 
Seed Drying Drying at transfer Seedl. 
parent/ on ear time to Standard Cold dry Shoot 
Harvest or transfer Seed Emb. test test weight /root 
moisture shelled (hrs) (%) (%) (%) (%) (mg)C ratio 
B73/ ear 0 35.0 48.0 100.0 99.0 57.0 2.03 
35% 8 31.9 45.0 97.5 99.4 49.9 2.57 
, 24 26.3 38.6 98.5 98.4 59.9 1.76 
64 21.2 27.0 99.0 99.0 63.4 1.70 
shelled 0 35.0 48.0 95.0 76.2 41.1 2.29 
8 24.5 35.9 99.0 77.8 44.1 2.45 
24 16.2 15.4 99.0 97.9 54.6 1.78 
64 14.2 11.7 99.0 99.4 56.9 1.89 
Mo 17/ ear 0 32.0 48.0 99.0 99.4 62.5 1.76 
32% 8 27.4 42.4 99.0 98.1 52.3 2.51 
24 22.1 30.5 100.0 96.0 64.4 1.73 
64 99.0 100.0 61.5 2.16 
shelled 0 32.0 48.0 100.0 97.5 55.1 2.18 
8 19.9 27.4 100.0 98.4 59.7 1.88 
24 12.2 9.5 100.0 100.0 60.6 1.93 
64 99.5 100.0 64.2 1.82 
*A11 values are means of 4 replications. 
^Percent seedlings rated as normal. 
^Average dry weight of normal seedlings in the standard germination 
test. 
^Ratio of shoot to root dry weight. 
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Table 22. Moisture loss and quality of seed from A632 dried as 
shelled and ear com for different lengths of time at 35 C 
before transfer to 50 C; results of 1985* 
Germina tion^ 
Moisture 
Drying Drying at transfer Seedl. 
Harvest on ear time to Standard Cold dry Shoot 
moisture or transfer Seed Emb. test test weight /root 
(%) shelled (hrs) (%) (%) (%) (%) (mg)C ratio^ 
47 ear 0 47.0 52.1 69.5 7.5 36.7 3.84 
8 44.1 53.9 96.5 52.5 44.2 2.73 
16 39.1 52.7 99.0 97.0 61.2 2.22 
24 34.3 • 51.1 98.5 97.0 59.2 2.24 
48 24.2 37.7 99.5 100.0 58.2 2.42 
shelled 0 47.0 52.0 8.5 0.0 13.7 5.83 
8 • 33.4 44.8 68.5 34.5 32.9 2.76 
16 22.8 30.3 99.0 98.5 52.3 2.74 
24 17.6 21.6 96.0 97.5 59.1 2.14 
48 10.5 10.5 98.5 100.0 59.0 1.93 
39 ear 0 39.0 96.5 52.5 54.1 2.39 
4 33.2 50.5 99.5 72.9 40.6 2.30 
8 35.1 48.7 95.0 77.2 52.8 2.36 
16 32.1 46.4 99.0 88.5 62.9 1.79 
24 29.0 45.6 99.5 100.0 62.4 2.03 
48 21.6 31.1 99.5 97.0 68.0 1.68 
shelled 0 39.0 71.5 21.0 51.1 1.97 
4 33.0 44.0 78.0 17.5 42.] 2.98 
8 26.9 37.2 89.5 28.5 51.8 2.59 
16 18.8 21.7 100.0 90.0 60.4 2.05 
24 13.3 14.5 100.0 99.5 59.4 2.22 
48 10.2 9.2 99.5 97.5 60.8 2.62 
*A11 values are means of 4 replications. 
^Percent seedlings rated as normal. 
.^Average dry weight of normal seedlings in the standard germination 
test. 
^Ratio of shoot to root dry weight. 
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Table 23. Moisture loss and quality of seed from B73 dried as 
shelled and ear com for different lengths of time at 35 C 
before transfer to 50 C; results of 1985* 
Germina tion^ 
Moisture 
Drying Drying at transfer Seedl. 
Harvest on ear time to Standard Cold dry Shoot 
moisture or transfer Seed Emb. test test weight /root 
(%) shelled (hrs) (%) (%) (%) (%) (mg)G ra tio^ 
46 ear 0 46.0 57.0 84.0 19.8 42.9 2.86 
4 44.4 56.4 80.0 5.0 37.5 2.52 
8 41.8 55.0 90.0 27.0 37.7 3.20 
16 38.3 53.6 93.5 68.5 44.9 2.59 
24 35.5 51.3 98.5 99.0 58.7 2.03 
48 27.9 42.0 99.5 92.0 61.2 1.60 
shelled 0 46.0 57.0 21.5 3.5 22.9 4.03 
4 39.1 51.3 54.0 16.5 30.2 3.33 
8 40.2 53.8 45.0 20.0 31.6 2.92 
16 26.5 37.4 84.0 63.5 44.6 2.44 
24 18.2 21.5 89.5 95.0 48.3 1.96 
48 9.5 8.3 91.5 85.0 48.2 1.93 
39 ear 0 39.0 71.5 21.0 51.1 1.97 
4 37.2 50.9 84.5 18.5 50.3 1.58 
8 36.8 50.9 90.0 51.0 50.0 1.91 
16 33.3 47.6 97.0 88.5 61.1 1.41 
24 32.3 47.6 96.5 88.5 65.8 1.45 
48 22.2 32.9 100.0 99.5 57.7 1.76 
shelled 0 39.0 52.0 10.0 2.0 31.6 3.34 
4 35.3 48.9 21.0 5.5 35.5 2.39 
8 28.7 43.2 85.0 24.0 44.4 2.55 
16 21.1 29.5 99.0 70.5 50.6 1.92 
24 19.7 24.7 96.5 89.5 56.0 1.90 
48 10.1 9.3 100.0 96.5 61.7 1.98 
*A11 values are means of 4 replications. 
^Percent seedlings rated as normal. 
Average dry weight of normal seedlings in the standard germination 
test. 
^Ratio of shoot to root dry weight. 
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Table 24. Moisture loss and quality of seed from Mol7 dried as 
shelled and ear com for different lengths of time at 35 C 
before transfer to 50 C; results of 1985* 
Germina tion^ 
Moisture 
Drying Drying at transfer Seedl. 
Harvest on ear time to Standard Cold dry Shoot 
moisture or transfer Seed Emb. test test weight /root 
(%) shelled (hrs) (%) (%) (%) (%) (mg)C ratio^ 
46 ear 0 46.0 54.0 16.7 0.0 18.5 2.72 
4 44.0 55.1 76.0 4.5 40.2 2.57 
8 43.3 55.6 93.0 22.0 48.0 1.89 
16 39.9 53.6 97.5 46.5 55.7 1.63 
24 36.2 52.0 96.0 60.0 62.4 1.59 
48 28.5 43.8 99.0 95.5 69.2 1.31 
shelled 0 46.0 54.0 0.5 0.0 
4 38.2 50.4 5.5 1.0 
8 32.6 45.1 33.0 7.5 37.5 2.33 
16 22.3 30.6 83.0 18.7 51.4 1.64 
24 16.3 19.8 90.0 68.5 53.0 1.62 
48 10.3 9.2 90.5 60.0 51.9 1.57 
43 ear 0 43.0 36.0 0.0 32.8 2.92 
4 42.5 54.9 55.5 4.5 39.5 2.06 
8 35.4 53.0 67.5 11.0 41.4 1.99 
16 34.1 48.6 84.7 37.0 57.5 1.45 
24 33.6 49.8 93.0 63.3 60.2 1.67 
48 21.9 39.7 99.5 88.5 72.2 1.18 
shelled 0 43.0 55.0 0.0 0.0 
4 38.9 52.1 9.5 0.5 
8 27.1 43.6 26.5 0.5 29.0 2.13 
16 15.4 16.9 93.5 41.5 59.1 1.70 
24 15.1 13.8 88.5 60.1 57.2 1.94 
48 14.2 7.5 98.5 58.5 63.1 1.65 
*A11 values are means of 4 replications. 
Percent seedlings rated as normal. 
^Average dry weight of normal seedlings in the standard germination 
test. 
'^Ratio of shoot to root dry weight. 
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Table 25. Seed quality of seed dried as shelled and ear com for 
different lengths of time at 35 C before transfer to 50 C; 
means for 1985* 
Means 
Germination^ 
Moisture 
at 1 transfer Seedl. 
Standard Cold dry Shoot/ 
Factor Seed Embryo test test weight root 
Factor® level (%) (%) (%) (%) (mg)G ra tio 
Overall mean 26.7 36.3 80.3 56.1 50.9 2.25 
Seed A632 25.8 34.8 89.5 71.1 52.7 2.62 
parent B73 27.6 38.0 82.1 60.2 48.9 2.27 
Mo 17 26.6 36.2 69.3 37.2 51.1 1.83 
Harvest 1 28.9 38.8 77.7 54.8 47.6 2.39 
2 24.5 33.9 83.0 57.5 54.2 2.11 
Ear/ Ear 33.3 47.6 88.5 61.5 53.6 2.09 
shelled Shelled 20.0 25.2 72.1 50.9 47.9 2.42 
Seed A632, HI 28.2 37.8 83.3 68.4 48.5 2.81 
parent H2 23.4 31.8 95.6 73.8 56.8 2.43 
and B73, HI 29.7 40.3 79.7 57.3 44.7 2.52 
harvest H2 25.5 35.7 84.5 63.1 53.0 2.03 
(H) Mo 17, HI 28.7 38.3 69.9 38.4 49.7 1.81 
H2 24.6 34.1 68.8 36.0 52.5 1.85 
Seed A632, ear 32.4 45.9 95.2 76.9 56.0 2.37 
parent sh. 19.2 23.7 83.7 65.4 49.4 2.87 
and B73, ear 33.5 47.6 92.0 65.5 53.1 2.08 
ear/ sh. 21.8 28.5 72.2 54.9 44.5 2.47 
shelled Mo 17, ear 34.1 49.4 78.3 42.4 51.8 1.84 
sh. 19.2 23.3 60.4 31.9 50.3 1.82 
*Values reported for one factor are means over all other factors. 
The 4-hour treatment was not included so as to make the means compa­
rable . 
Percent seedlings rated as normal. 
^Average dry weight of normal seedlings in the germination test. 
Ratio of shoot to root dry weight. 
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Table 26. Drying rates 
to 35% seed 
of shelled 
moisture* 
and ear corn harvested 1984 at 32 
Drying Seed 
drying rate (%/hr) 
Embryo 
drying rate (%/hr) 
Period^ 
(hrs) 
Seed 
parent 
Temp. 
(C) on ear shelled on ear shelled 
Mol7 35 24 0.42 0.83 0.73 1.60 
50 8 1.14 2.42 1.76 4.55 
24 0.82 0.93 1.45 1.62 
B73 35 24 -0.37 0.79 0.39 1.36 
50 8 1.10 2.37 1.14 3.72 
24 0.54 1.04 0.65 1.65 
*A11 values are means of 4 replications. 
^Drying period is expressed as hours from drying start. 
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Table 27. Drying rates of shelled and ear corn in 1985® 
Seed Drying Seed Embryo 
parent/ drying rate (%/hr) drying rate (%/hr) 
Harvest Temp. Period 
moisture (C) (hrs) on ear shelled on ear shelled 
A632/ 35 8 0.38 1.71 -0.23 0.92 
47% 24 0.53 1.23 0.04 1.27 
50 8 1.80 3.13 0.00 2.28 
24 0.85 1.58 0.48 1.89 
B73/ 35 8 0.52 0.71 0.25 0.40 
46% 24 0.44 1.15 0.24 1.48 
50, 8 0.75 2.63 0.34 2.21 
24 0.59 1.51 0.46 1.30 
Mol7/ 35 8 0.30 1.64 -0.12 1.18 
46% 24 0.40 1.23 0.11 1.45 
50 8 0.46 2.75 ' -0.06 2.82 
24 0.58 1.51 0.42 1.89 
A632/ 35 8 0.55 1.57 
39% 24 0.44 1.09 
50 8 • 0.91 2.69 
24 0.78 1.26 
B73/ 35 8 0.23 1.25 0.17 1.13 
39% 24 0.27 0.79 0.19 1.14 
50 8 0.72 1.89 0.43 2.57 
24 0.69 1.24 0.72 1.86 
Mo 17/ 35 8 0.97 2.00 0.24 1.42 
43% 24 0.40 1.17 0.21 1.71 
50 8 0.85 2.97 0.47 3.71 
24 0.66 1.44 0.53 2.00 
^Drying rates are based on moisture determinations that were 
conducted on different samples after each drying period. All values 
are means of 4 replications. 
^Drying periods are expressed as hours from drying start. 
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Preconditioning Seed at Different Temperatures and Relative 
Humidities 
All seeds were classified as either dead or abnormal in cold-tests 
when Mo 17 ears were harvested at 47% seed moisture in 1984 and at 43% in 
1985 and dried at 50 C (Figures 15 and 17). Seed quality improved when 
ears were first exposed (preconditioned) for at least 8 to 24 hours to 
different atmospheric conditions before drying them at 50 C. In 1985, 
24 hours at 10, 20 and 35 C and 95% relative humidity and at 10 C and 
50-60% R.H. brought the cold-test result up by a maximum of 28%, whereas 
the standard germination rose by ca. 30 to 80%. Only after 5 days of 
preconditioning at 10 C the cold-test result was significantly improved. 
Similarly, long preconditioning at 95% R.H. and 20 or 35 C was required 
to increase the cold-test value. However, even after 88 to 120 hours, 
none of these preconditioning treatments had rendered the seed samples 
tolerant to 50 C drying with cold-test germination still only ranging 
from 36 to 73%. 
Except for the 20 C / 35% R.H. environment, preconditioning 
treatments that allowed rapid drying of the seeds were more effective in 
hardening samples against subsequent 50 C drying. This is reflected in 
the curves in Figures 17 and 18 and in the good correlation between seed 
quality and preconditioning time or seed moisture after preconditioning 
(Tables 29 and 32). Preconditioning time and moisture are also highly 
correlated so that multiple regressions with both characters as 
independent variables did not result in higher R^ values. The slopes of 
these simple regressions show that preconditioning at 35 C was more 
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effective in Improving the standard and cold-test germination per hour 
than was 20 C. Preconditioning at 35 C and 35% or 60% R.H. In 1985 
raised the cold-test value by 1.8 and 1.6% per hour, respectively. 
These rates are not significantly different. Twenty-four hours of 
preconditioning at 35 C / 35% R.H. were adequate to raise standard 
germination to 95%, but 40 hours were required for a 90% cold-test. 
These requirements were about the same at 35 C / 60% R.H. However, the 
gain in cold-test per % moisture loss during preconditioning was 
significantly different: 7.7% at 35 C / 60% R.H. versus 4.5% at 35 C / 
35% R.H. If during preconditioning the seed dried to 30% moisture 
content, the cold-test was predicted to reach 97% (+/-13%) at 35 C / 60% 
R.H. but only 53% (+/-5%) at 35 C / 35% R.H. (Table C2). The trend was 
the same in 1984, with a lower drying requirement at 35 C / 50% R.H. 
than at 35 C / 35% R.H., but the difference was not significant (Table 
CI). Preconditioning at 20 C produced a similar gain in standard 
germination and cold-test values per % moisture loss, even though the 
gain per hour was significantly smaller. Eighty-eight hours were 
required at 20 C / 60% R.H. to reach a 90% cold-test, whereas 
preconditioning at 20 C and 35% R.H. did not raise the cold-test above 
60%. Preconditioning treatments at 95% R.H. allowed very little drying, 
resulting in mostly non-significant correlations between seed quality 
traits and moisture loss during preconditioning. 
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Precond. 10 C, 50% R.H., 1984 Precond. 20 C, 50% R.H., 1984 
PRECONO. BEFORE SOC-ORTING (MRS) PRECONO. BEFORE 50C-DRYING IHRS) 
PRECOND. BEFORE SOC-ORTING IHRS) PRECOND. BEFORE SOC-ORTING (MRS) 
Symbols represent means of 3 replications: 
—M Seed moisture after preconditioning (%) 
—# Standard germination (%) 
—A Germination in cold test (%) 
Figure 15. Germination of Mol7 harvested 1984 at ca. 47% moisture and 
dried at 50 C after different preconditioning treatments 
93 
Precond. 10 C. 50% R.H„ 1984 Precond. 20 C, 50% R.H., 1984 
% SEED MOISTURE AFTER PRECOND. % SEED MOISTURE AFTER PflECONO. 
Precond. 35 C, 50% R.H., 1984 Precond. 35 C, 35% R.H., 1984 
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a Germination in cold test (%} 
— Predicted standard germination 
—— Predicted germination in cold test (%) 
Figure 16. Observed and predicted germination of Mol7 harvested 1984 
at ca. 47% moisture and dried at 50 C after different 
preconditioning treatments 
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Table 28. Seed germination of Mo 17 harvested 1984 at ca. 47% mois­
ture and dried at 50 C after different preconditioning 
treatments* 
Relative humidity during preconditioning (%) 
35 50 
Precondi­ Seed Germination^ Seed Germina tion 
tioning moisture moisture 
at Stand. Cold at Stand. Cold 
Temp. Time transfer test test transfer test test 
(C) (hrs) (%) (%) (%) (%) (%) (%) 
10 0 46.7 17.3 0.0 
24 43.6 8.0 4.0 
40 39.5 84.0 52.0 
64 38.6 63.3 55.3 
88 37.2 91.5 71.4 
20 0 46.7 17.3 0.0 
8 45.7 71.3 14.0 
16 46.0 68.7 12.0 
24 45.5 94.0 48.7 
32 43.3 81.3 34.7 
40 42.2 90.0 64.7 
64 40.5 98.0 93.3 
88 35.5 95.3 82.0 
35 0 46.7 17.3 0.0 46.7 17.3 0.0 
8 42.8 65.3 14.7 44.6 96.0 98.0 
16 42.3 85.3 34.0 41.6 92.7 52.0 
24 38.0 88.0 42.7 39.0 96.0 73.3 
32 34.5 100.0 79.3 
40 29.0 98.0 92.7 36.4 96.0 76.0 
64 23.3 100.0 98.7 31.6 100.0 91.3 
88 17.2 100.0 99.3 26.8 99.3 96.7 
*A11 values are means of 3 replications. 
^Percent seedlings rated as normal. 
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Table 29. Linear models to predict seed quality of Mol7 harvested 1984 
at ca. 47% moisture and dried at 50 C after different precon­
ditioning treatments* 
Preconditioning 
Seed Parameters of linear 
quality Relative models 
trait Temp, humidity 
x-axis in y-axis (C) (%) Slope Intercept 
Precond. Standard 10 50 0.90 (0.17)b 14 (10) 0.64 
time germination 20 50 0.63 (0.15) 56 (7) 0.45 
(hrs) (%) 35 35 2.04 (0.37) 37 (8) 0.69 
35 50 1.91 (0.43) 37 (11) 0. 66 
Cold-test 10 50 0.86 (0.19) -1 (11) 0.56 
germination 20 50 1.06 (0.14) 8 (6) 0.72 
(%) 35 35 1.79 (0.20) 6 (6) 0.81 
35 50 0.93 (0.15) 29 (8) 0.69 
Seed Standard 10 50 -7.12 (1.25) 345 (51) 0.67 
moisture germination 20 50 -4.00 (1.19) 250 (52) 0.34 
after (%) 35 35 -4.97 (1.05) 273 (43) 0.61 
precond. 35 50 -7.41 (1.24) 379 (55) 0.75 
(%) 
Cold-test 10 50 -7.29 (1.26) 335 (51) 0.68 
germlna tlon 20 50 -6. 69 (1.33) 332 (58) 0.54 
(%) 35 35 -4.68 (0.52) 225 (20) 0.82 
35 50 -4.47 (0.59) 230 (22) 0.78 
^Sections of the x-axis where seed quality traits showed no change 
were not included in the regressions. 
^Standard errors of slopes and intercepts are shown in parentheses. 
Precond. 10 C, 95% R.H., 1985 Precond. 10 C, 60% R.H., 1905 
PHECONO. BEFORE SOC-DRYING (HRS) PRECOND. BEFORE SOC-ORTING (HAS) 
Precond. 20 C, 95% R.H., 1985 
PRECONO. BEFORE 5DC-0RYING (HRS) PRECOND. BEFORE SOC-ORTING (HRS) 
Symbols represent means of 3 replications: 
Seed moisture after preconditioning (%) 
—* Standard germination (%) 
—A Germination in cold test (%) 
Figure 17. Germination of Mol7 harvested 1985 at ca. 43% moisture and 
dried at 50 C after different preconditioning treatments 
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Figure 18. Observed and predicted germination of Mo17 harvested 1985 
at ca. 43% moisture and dried at 50 C after different 
preconditioning treatments 
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Table 30. Germination of seed from Mol7 harvested 1985 at ca. 43% 
moisture and dried at 50 C after different preconditioning 
treatments* 
Relative humidity during preconditioning (%) 
3 5  6 0  9 5 b  
Precondi­ Seed Germination^ Seed Germina tion Seed Germina tion 
tioning moist. moist. moist. 
at at at 
trans - S tand. Cold trans- S tand. Cold trans- Stand .Cold 
temp. time fer test test fer test test fer test test 
( c )  (hrs) (%) (%) (%) (%) (%) (%) (%) (%) (%) 
1 0  0  4 3 . 2  1 . 3  0 . 0  4 3 . 2  1 . 3  0 . 0  
2 4  4 0 . 2  3 0 . 7  0 . 0  4 4 . 1  5 2 . 7  3 . 3  
4 0  4 0 . 6  7 6 . 0  2 . 0  4 2 . 2  6 4 . 7  2 . 7  
8 8  3 7 . 1  7 5 . 3  1 2 . 0  4 1 . 2  2 9 . 3  2 . 0  
1 2 0  3 5 . 2  1 0 0 . 0  7 3 . 0  ' 4 2 . 9  7 6 . 7  4 0 . 0  
2 0  0  4 3 . 2  1 . 3  0 . 0  4 3 . 2  1 . 3  0 . 0  4 3 . 2  1.3 0 . 0  
8  4 1 . 8  5 3 . 3  6 . 0  4 1 . 7  7 0 . 7  1 . 3  4 3 . 8  4 6 . 0  0 . 0  
1 6  4 0 . 6  5 1 . 3  4 . 0  3 9 . 3  3 4 . 0  0 . 7  4 2 . 3  7 3 . 3  1 4 . 0  
2 4  3 9 . 0  8 0 . 7  1 7 . 3  3 8 . 3  6 2 . 0  4 . 7  4 2 . 2  5 8 . 0  6 . 0  
3 2  3 6 . 8  6 8 . 7  6 . 7  3 8 . 0  9 0 . 0  4 6 . 7  4 3 . 2  6 2 . 0  1 2 . 7  
4 0  3 6 . 8  9 7 . 3  5 0 . 0  3 5 . 1  9 0 . 7  2 5 . 3  4 1 . 4  3 5 . 3  1 . 3  
6 4  3 4 . 9  9 6 . 0  5 8 . 0  3 4 . 6  9 8 . 0  7 7 . 3  4 2 . 3  9 2 . 0  2 2 . 0  
8 8  3 0 . 3  8 6 . 7  5 2 . 7  3 1 . 8  9 8 . 0  9 1 . 3  4 1 . 9  9 0 . 0  3 8 . 7  
3 5  0  4 3 . 2  1 . 3  0 . 0  4 3 . 2  1 . 3  0 . 0  4 3 . 2  1.3 0 . 0  
8  3 9 . 3  81.3 0 . 7  4 1 . 4  7 2 . 7  1 . 3  4 2 . 4  7 0 . 7  4 . 7  
1 6  3 6 . 4  9 2 . 7  2 7 . 3  3 7 . 3  8 8 . 7  3 0 . 0  4 2 . 7  7 5 . 3  7 . 3  
2 4  3 1 . 3  9 8 . 0  4 0 . 0  3 5 . 3  9 4 . 0  6 7 . 3  4 2 . 8  8 4 . 0  2 8 . 0  
3 2  3 0 . 0  9 8 . 0  5 7 . 3  3 4 . 4  9 8 . 7  6 1 . 3  4 1 . 6  8 6 . 7  1 8 . 0  
4 0  2 3 . 7  9 8 . 7  9 0 . 7  3 2 . 8  1 0 0 . 0  9 0 . 7  4 2 . 5  7 8 . 7  3 0 . 7  
6 4  1 7 . 7  1 0 0 . 0  9 9 . 3  3 0 . 3  99.3 9 0 . 0  4 1 . 7  9 0 . 7  6 2 . 0  
8 8  1 2 . 7  9 7 . 3  9 4 . 7  2 6 . 1  9 8 . 0  9 8 . 0  4 0 . 2  7 8 . 7  3 6 . 0  
*A11 values are means of 3 replications. 
95% humidity is an estimated value. 
Percent seedlings rated as normal. 
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Table 31. Seed vigor of Mol7 harvested 1985 at ca. 43% moisture and 
dried at 50 C after different preconditioning treatments^ 
Relative humidity during preconditioning (%) 
35 60 95 
Precondi­
tioning 
Temp. 
(C) 
Time 
(hrs) 
Seedl. 
dry 
weight" 
(mg) 
Shoot 
/root 
ratio^ 
Seedl. 
dry Shoot 
weight /root 
(mg) ratio 
Seedl. 
dry Shoot 
weight /root 
(mg) ratio 
10 0 
24 
40 
88 
120 
31.6 
36.4 
59.9 
66.7 
2.8 
2.5 
1.5 
1.5 
35.6 
35.6 
27.8 
47.2 
2.6 
2.3 
2.3 
1.7 
20 0 
8 
16 
24 
32 
40 
64 
88 
38.9 
39.7 
44.8 
55.8 
57.0 
60.9 
58.6 
1 . 6  
2 . 2  
2 . 2  
1.9 
1 .8  
1.9 
1.5 
41.3 
37.2 
38.0 
6 1 . 1  
63.1 
66.7 
63.5 
2.0 
2.0 
2 . 1  
1.5 
1.7 
1.7 
1 . 6  
29.3 
51.5 
36.7 
35.4 
31.2 
42.6 
51.2 
2.4 
1.7 
2.3 
2.7 
2 . 2  
2 . 1  
1.7 
35 0 
8 
16 
24 
32 
40 
64 
88 
44.8 
53.5 
63.9 
65.3 
68.4 
71.1 
6 8 . 6  
1.8 
1.5 
1 . 2  
1.5 
1 . 8  
1.4 
1.4 
40.6 
56.0 
54.5 
68.5 
69.2 
70.8 
65.1 
1.9 
1.4 
1.3 
1.3 
1 . 2  
1.4 
1.7 
45.6 
46.9 
53.6 
57.4 
49.9 
49.6 
43.6 
1.5 
2.0 
1.8 
1.4 
1.7 
1 . 6  
1.4 
^All values are means of 3 replications. 
^Average dry weight of normal seedlings in the germination test. 
^Ratio of shoot to root dry weight. 
Table 32. Linear models to predict seed quality of Mol7 harvested 
1985 at ca. 43% moisture and dried at 50 C after different 
preconditioning treatments* 
Models with preconditioning 
time in x-axis (hrs) 
Preconditioning 
Seed 
quality Parameters of Linear models 
trait Temp. Relative 
in y-axis (C) humidity (%) Slope Intercept 
Standard 10 60 0.73 (0.14)b 17 (10)b 0.69 
germination 10 95 0.36 (0.16) 25 (11) 0.29 
(%) 20 35 0.97 (0.18) 36 (8) 0.57 
20 60 0.89 (0.17) 37 (8) 0.56 
20 95 0.75 (0.18) 32 (8) 0.45 
35 35 3.47 (0.76) 23 (11) 0.67 
35 60 2.40 (0.51) 31 (10) 0.65 
35 95 0.52 (0.18) 53 (8) 0.27 
Cold-test 10 60 0.48 (0.11) -11 (7) 0.62 
germination 10 95 0.27 (0.12) -5 (9) 0.26 
(%) 20 35 0.91 (0.11) -4 (4) 0.77 
20 60 1.19 (0.11) -8 (5) 0.86 
20 95 0.40 (0.10) -2 (5) 0.41 
35 35 1.84 (0.17) -2 (5) 0.86 
35 60 1.62 (0.21) 6 (7) 0.77 
35 95 0.56 (0.13) 4 (6) 0.47 
Seedling 10 60 0.39 (0.04) 22 (3) 0.90 
dry weight 10 95 0.08 (0.07) 31 (6) 0.10 NS 
(mg) 20 35 0.37 (0.07) 38 (3) 0.63 
20 60 0.37 (0.09) 38 (4) 0.48 
20 95 0.16 (0.09) 34 (4) 0.14 NS 
35 35 0.89 (0.36) 39 (6) 0.50 
35 60 0.89 (0.27) 37 (6) 0.53 
35 95 -0.05 (0.07) 51 (3) 0.02 NS 
^Sections of the x-axis where seed quality trait showed no change 
were not Included in the regressions. 
^Standard error of slopes and intercepts are shown in parentheses. 
^NS=no significant linear trend. 
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Models with seed moisture (%) after 
Precond i tioning 
preconditioning in x-axis 
Seed 
quality Parameters of linear models 
trait Temp. Relative 
in y-axis (C) humidity (%) Slope Intercept 
Standard 10 60 -8 • 21 (2. 82) 379 (111) 0. 39 
germination 10 95 0. 41 (6. 22) -28 (265) 0. 00 NS 
(%) 20 35 -7. 14 (1. 33) 340 (51) 0. 58 
20 60 -6. 94 (1. 38) 331 (53) 0. 55 
20 95 -3. 47 (5. 81) 205 (247) 0. 02 NS 
35 35 -10. 37 (I. 76) 463 (69) 0. 78 
35 60 -8. 48 o. 94) 397 (75) 0. 61 
35 90 -7. 09 (4. 54) 370 (191) 0. 10 NS 
Cold-test 10 60 -5. 81 (2. 16) 243 (85) 0. 38 
germination 10 95 0. 34 (4. 89) -5 (209) 0. 00 NS 
(%) 20 35 -6. 20 (0. 96) 762 (37) 0. 67 
20 60 -8. 63 (1. 16) 360 (44) 0. 72 
20 95 -0. 97 (3. 26) 53 (139) 0. 00 NS 
35 35 -4. 47 (0. 36) 188 (12) 0. 89 
35 60 -7. 66 (0. 77) 327 (28) 0. 84 
35 95 -8. 18 (3. 46) 368 (146) 0. 20 
Seedling 10 60 -5. 06 (1. 11) 242 (43) 0. 68 
dry weight 10 95 0. 76 (1. 99) 4 (85) 0. 01 NS 
(mg) 20 35 -2. 90 (0. 46) 160 (17) 0. 68 
20 60 -2. 71 (0. 82) 153 (31) 0. 38 
20 95 0. 62 (2. 09) 13 (89) 0. 00 NS 
35 35 -3. 21 (1. 04) 171 (38) 0. 61 
35 60 -3, 03 (0. 98) 168 (37) 0. 51 
35 95 -0. 44 (1. 50) 68 (63) 0. 00 NS 
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Drying Ears at 50 C and Different Relative Humidities 
In 1984, seed deterioration during 50 C drying of Mo 17 proceeded 
much more rapidly when the drying air was at 20% relative humidity than 
when the air was at 60% R.H. (Table 36 and Figure 19). Slopes of cold-
test regression lines were 5 times greater for 20% R.H. versus 60% R.H. 
when drying time was used in the x-axis. A 33% cold-test value was 
predicted for samples dried 24 hours at 20% R.H. versus 90% for the 60% 
R.H. treatment (Table C3). Corresponding predictions for 1985 were 26% 
for 20% R.H. and 68% for 60% R.H. In 1985, seed samples were more 
rapidly injured during 50 C / 60% R.H. drying compared with 1984. 
However, the decline in cold-test germination was still significantly 
lower than with 50 C / 20% R.H. Seed deterioration per % moisture loss 
was significantly different between the two humidities for 1984 but not 
for 1985. The average hourly moisture loss during the first 64 hours at 
50 C was 0.58% for 20% R.H. and 0.37% for 60% R.H. in 1984, 0.52% for 
20% R.H. and 0.29% for 60% R.H. in 1985. The drying rates at 50 C / 60% 
R.H. are similar to those obtained in 35 C; 0.34-0.36% (Table A9). 
Reducing the drying rate during 50 C drying slowed seed deterioration 
but did not prevent it. 
Drying of Excised Embryos 
First experiment (1985) 
Very high drying rates were calculated for excised embryos. The 
average embryo moisture content dropped from 58.9 to 20.4% during the 
first hour of drying at 50 C, and from 59.9 to 30.2% during the same 
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Drying 50 C, 60% R.H.. 1984 Drying 50 C, 20% R.H., 1904 
00 
I' rr I I I I I M I I I I I I I I r r |T I IT I I iTi'p 
I 16 32 48 64 
HOURS AT 50C BEFORE 3SC-0RYING HOURS AT 50C BEFORE 35C-0RTING 
Drying 50 C, 60% R.H.. 1985 Drying 50 C, 20% R.H., 1985 
HOURS AT 50C BEFORE 3SC-0RTING HOURS AT SOC BEFORE 35C-0RTING 
Symbols represent means of 3 replications: 
—x Seed moisture after exposure to 50 C 
—It Standard germination (%) 
-A Germination in cold test (%) 
Figure 19. Germination of Mol7 dried for different lengths of time 
at 50 C and at 2 levels of relative humidity before trans­
fer to 35 C 
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Drying 50 C, 60% R.H.. 1984 Drying 50 C, 20% R.H.. 1904 
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Figure 20. Observed and predicted germination of Mo 17 dried for 
different lengths of time at 50 C and at 2 levels of 
relative humidity before transfer to 35 C 
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Table 33. Seed germination of Mol7 harvested 3984 at ca. 47% 
moisture and dried for different lengths of time àt 
50 C and at 2 levels of relative humidity before 
transfer to 35 C* 
Relative humidity during 50 C - exposure (%) 
20 60 
Exposure 
time 
at 50 C 
(hrs) 
Seed 
moisture 
at 
transfer 
(%) 
Germination 
Stand. Cold 
test test 
(%) (%) 
Germlna tion 
Seed 
moisture 
at 
transfer 
(%) 
Stand, 
test 
(%) 
Cold 
test 
(%) 
0 46.7 99.3 98.7 46.7 99.3 98.7 
8 42.7 94.7 95.3 44.1 94.0 94.0 
16 37.5 64.7 64.0 41.2 93.3 94. 7 
24 33.4 24.7 18.0 36.9 97.3 94.7 
32 25.1 11.3 5.3 34.5 92.0 96.7 
40 23.4 0.7 0.0 30.4 88.0 85.3 
64 9.9 29.3 0.0 23.1 85.3 54.0 
*A11 values are means of 3 replications. 
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Table 34. Seed germination of seed from Mol7 harvested 1985 at ca. 43% 
moisture and exposed for different lengths of time to 50 C and 
3 levels of relative humidity before transfer to 35 C for 
final drying* 
Relative humidity during 50 C exposure (%) 
20 60 95' 
Exposure 
time at 
50 C 
(hrs) 
Seed Germination^ Seed Germination Seed 
moist, 
at 
trans -
fer 
(%) 
Stand. Cold 
test test 
(%) (%) 
moist. 
at 
trans- Stand. Cold 
fer test test 
(%) (%) (%) 
Germination 
moist. 
at 
trans- Stand. Cold 
fer test test 
(%) (%) (%) 
0 43.2 97.3 94.7 43.2 97.3 94.7 43.2 97.3 94.7 
8 36.8 86.7 81.3 39.9 100.0 99.3 43.2 82.7 45.3 
16 33.3 66.0 50.0 39.0 85.3 82.0 41.8 0.0 0.0 
24 27.3 29.3 10.7 37.2 68.7 77.3 43.6 0.0 0.0 
32 23.6 28.0 4.7 33.7 62.7 43.3 42.5 2.0 2.7 
40 18.2 5.3 0.0 29.8 72.7 40.0 42.8 0.0 0.0 
64 10.2 1.3 0.0 24.8 39.3 3.3 43.2 0.0 0.0 
88 7.6 3.3 0.7 18.7 32.0 0.0 41.9 0.0 0.0 
*A11 values are means of 3 replications. 
^95% humidity is an estimated value. 
^Percent seedlings rated as normal. 
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Table 35. Seed vigor of Mo 17 harvested 1985 at ca. 43% moisture and 
dried for different lengths of time at 50 C and at 3 levels 
of relative humidity before transfer to 35 C* 
Relative humidity during 50 C - exposure (%) 
20 60 95 
Exposure Seedl. Seedl. Seedl. 
time dry Shoot dry Shoot dry Shoot 
at 50 C weight" /root weight /root weight /root 
(hrs) (mg) ratio'' (mg) ratio (mg) ratio 
8 54.0 • 1.8 77.6 1.1 46.5 1.5 
16 39.1 2.2 64.8 1.4 
24 39.0 2.3 46.5 1.5 
32 31.8 2.5 48.7 1.9 
40 23.5 2.3 48.2 1.9 
64 25.5 4.1 45.0 2.2 
88 26.5 5.9 29.6 2.4 
All values are means of 3 replications. 
^Average dry weight of normal seedlings in the germination test. 
'Ratio of shoot to root dry weight. 
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Table 36. Linear models to predict seed quality of Mo 17 dried for 
different lengths of time at 50 C and at 2 levels of 
relative humidity before transfer to 35 C* 
Preconditioning 
Seed Parameters of linear 
quality Relative models 
x-axis 
trait 
in y-axis Year 
humidity 
(%) Slope Intercept R2 
Drying Standard 84 20 -2.97 (0 .36 )b  107 (7) 0.85 
time germ. 60 -0.20 (0.08) 98 (3) 0.25 
at 50 C (%) 85 20 -2.40 (0.21) 100 (5) 0.89 
(hrs) 60 -0.80 (0.11) 97 (5) 0.72 
Cold-test 84 20 -3.09 (0.34) 107 (7) 0.87 
germ. 60 -0.63 (0.16) 105 (5) 0.45 
(%) 85 20 -2.89 (0.27) 96 (6) 0.89 
60 -1.28 (0.13) 98 (6) 0.82 
Seedling 85 20 -1.06 (0.17) 64 (4) 0.72 
dry weight 60 -0.46 (0.06) 69 (3) 0.71 
(mg) 
Seed Standard 84 20 5.59 (0.65) -153 (25) 0.86 
moisture germ. 60 0.50 (0.21) 74 (8) 0.23 
after 50 c  (%)  85 20 3.75 (0.42) -62 (13) 0.83 
drying 60 2.69 (0.42) -20 (14) 0.65 
(%) 
Cold-test 84 20 5.79 (0.64) -163 (25) 0.87 
germ. 60 1.60 (0.41) 29 (14) 0.45 
(%) 85 20 4.55 (0.59) -100 (19) 0.81 
60 4.44 (0.46) -93 (16) 0.81 
Seedling 85 20 1.56 (0.31) -4 (10) 0.63 
dry weight 60 1.51 (0.26) 3 (9) 0.61 
(mg) 
^Sections of the x-axis where seed quality traits showed no change 
were not included in the regressions. 
^Standard errors of slopes and intercepts are shown in parentheses. 
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period at 35 C. This corresponds to drying rates of 38.5 and 29.7%/hr 
for 50 C and 35 C, respectively. Germination values after a 24 hour 
incubation of the embryos were significantly higher for the 35 C 
treatment than for 22 C and 50 C treatments, and the moist filter paper 
produced lower values than sugar or Murashige-Skoog (MS) medium (Table 
37). However, after 72 hours of incubation, the temperature effect on 
germination had disappeared, only the effect of the medium remained 
significant (Table Dl). Over 90% of the embryos in all treatments 
developed plantlets that were rated as normal. Plantlet dry weights 
after 7 days of incubation averaged 5.8, 13.9, and 13.3 mg on filter 
paper, sugar, and MS media, respectively. They were lower for the 50 C 
than for 35 and 22 C treatments, and this difference was significant at 
the 0.1 level. 
Second experiment (1985) 
Embryos, shelled seeds, and ears were dried at 50 C and 3 levels of 
humidity and subsequently germinated on paper towels (Tables 38 and D2). 
Hourly moisture loss during the first 2 hours of drying at 50 C/20% R.H. 
was ca. 24.8%/hr for embryos, 4%/hr for shelled seed, and 0.5%/hr for 
seeds on ears. Average drying rates during 24 hours in medium humidity 
were 1.6 and 0.6%/hr, in high humidity 0.6 and 0.2%/hr for embryos and 
shelled seed, respectively. Seed samples germinated over 95% when 
exposed for only 2 hours to 50 C and low or high humidity. However, 
after complete drying at 50 C/20% R.H. (24 hours), seeds germinated only 
17%. Embryos, in contrast, germinated 84% after complete drying at 50 
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C/20% R.H. (2 hours), and even overdrying for 48 hours at 50 C to a 
moisture content of 3% produced a 73% germination value. The medium 
humidity treatment also created greater damage with seeds than with 
embryos, resulting in germination values of 22 versus 58%. Seeds and 
embryos were killed when exposed for 24 hours to 50 C and ca. 90% R.H. 
Dry weights of seedlings were much higher than dry weights of plantlets 
grown from embryos. Seedling dry weights were greatly affected by 
drying treatments but plantlets from embryos were not. Shoot to root 
ratios were higher for embryos than for seeds and highest for medium 
humidity. 
Third experiment (1986) 
After being dried at 35 and 50 C to ca. 10% moisture content, 
embryos germinated 72% in standard germination conditions on rolled 
towels and 89 and 68% in the cold-test (Table 39). After overdrying 
embryos to ca. 4% moisture content at 50 C, 80% developed into plantlets 
that were rated as normal in the standard germination conditions. 
However, the cold-test value dropped dramatically to 1%. All cold test 
samples of embryos were heavily infected with Pénicillium. Injury of 
shelled seeds was significantly higher than that of embryos (Table D3). 
69% of the shelled seeds dried for 2 hours at 50 C germinated in 
standard conditions, but only 11% in the cold-test. After complete 
drying at 50 C (24 hours), mean germination values declined to 1 and 12% 
for standard and cold-test, respectively. 
113 
Table 37. Viability and vigor of B73 embryos dried at 22, 35, and 
50 C and germinated on three asceptic media; embryo 
drying experiment 1® 
Drying temperature (C) 
Quality LSD Incubation 
measurement (0.05) medium 22 35 50 
Germination after Water^ 23 65 27 
24 hours of 24.5 Sugar^ 55 83 48 
incubation (%)^ MS® 48 80 45 
Germination after Water 93 95 92 
72 hours of 7.1 Sugar 100 98 100 
incubation (%) MS 100 100 100 
Plantlet dry Water 6.1 5.9 5. 
weight (mg)f 3.1 Sugar 15.0 15.5 11. 
MS 15.5 13.0 11. 
^Samples were harvested at ca. 50% seed moisture and 59% 
embryo moisture. All values are means of 6 replications (plates) 
with 10 embryos each. 
'^Moist filter paper. 
^Sugar agar. 
^% plantlets rated as normal. 
^Murashige-Skoog medium. 
^Mean dry weight per normal plantlets after 7 days of 
Incubation. 
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Table 38. Moisture, viability, and vigor of B73 embryos and seeds after 
exposure for different periods of 50 C at three levels of 
relative humidity; embryo drying experiment 2* 
Relative humidity (%) 
ca. 20 medium ca. 90 
Exposure Exposure Exposure 
time (hrs) time (hrs) time (hrs) 
Quality LSD Treated 
measurement (0.05)^ units^ 2 24 48 24 2 24 
Moisture after Ears*^ 11.1 
treatment at Seeds 42.0 9.6 6.2 36.6 48.5 44. 9 
50 C (%) Embryos 11.4 4.2 3.1 23.3 52.7 48. 5 
Germination Ear 97.0 
(%)® 18.3 Seeds 98.0 17.0 6.0 21.0 100.0 0. 0 
Embryos 84.0 69.0 73.0 58.0 96.0 0. 0 
Seedling and Ear 45.6 
plantlet dry 6.9 Seeds 47.2 15.5 35.9 23.7 52.5 
weight (mg) Embryos 4.8 5.4 6.2 5.7 6.8 
Shoot/root Ear 2.6 
ratio 1.5 Seeds 2.0 2.3 3.0 3.9 2.0 
Embryos 3.3 2.9 3.9 6.1 4.9 
^Ears were harvested at ca. 50% seed moisture and 61% embryo 
moisture. 
^LSD for comparison of all means within one quality measurement. 
^Treatments were performed on 4 ears and 4 replications of 25 
seeds and embryos. 
^Drying on the ear as a control treatment. 
^% seedlings or plantlets rated as normal. 
^Mean dry weight per normal seedling or plantlet. 
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Table 39. Viability of B73 embryos and seeds and shoot and root length 
of germinating embryos dried at 35 and 50 C; embryo drying 
experiment 3* 
Drying treatments 
50 C and 20% R.H. 
35 C 
Period at 50 C before 
transfer to 35 C (hrs) 
Evaluated , Treated and 
traits LSD units 35% R.H. 2^ 24 56 
Standard Ears 99 100 82 
germination 9.9 Seeds 91 69 1 
test (%)* Embryos 72 72 80 
Cold Ears 99 100 83 
test (%) 7.9 Seeds 86 11 . 12 
Embryos 89 68 1 
Shoot length (mm)^ 4.0 Embryos 19.2 25.1 27.2 
Root length (mm) ^ 1.7 Embryos 9.6 6.7 6.1 
Shoot/root ratio 0.96 Embryos 2.55 4.83 5.83 
^Ears were harvested at ca. 47% seed and 59% embryo moisture. 
^LSD for comparison of all means within one evaluated trait. 
^Embryos were dried to ca. 10% moisture content. 
^Embryos were dried to ca. 4% and seeds to ca. 10% moisture 
content. 
^Percent seedlings or plantlets rated as normal (means of 4 
replications with 25 seeds or embryos each). 
^Means of 72 randomly chosen plantlets. 
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The mean shoot length of embryos dried at 50 C was 25.1-27.2 mm, 
versus 19.2 mm when they were dried at 35 C. In contrast, the mean root 
length was reduced from 9.6 mm for 35 C drying to 6.1-6.7 mm with 50 C 
drying. Differences were highly significant (Table D4), and the shoot 
to root ratio declined from 2.5 with 35 C to 4.8-5.8 with 50 C drying. 
Conductivity Test 
The conductivity of soak water when seeds were submerged for 6 
hours was similar for samples of all drying treatments and little 
influenced by seed viability (Tables 40 and 41). The linear 
relationship between current measurements and germination values were 
not significant for A632 and Mo 17 (Table 44)i Differences in 
conductivity between different drying treatments became Increasingly 
evident after 12 and 24 hours of soaking. The highest average 
correlations between mean current and germination values were obtained 
when the current Increase between 6 and 24 hours of soaking was used as 
the conductivity term. The plots on Figure 21 present the relationship 
between the mean current per sample and the germination values. Samples 
with mean currents over 78 microamperes were all Injured. Only 3 of 33 
samples exhibited more than 50% germination in the cold test. Samples 
with mean currents of less than 78 microamperes showed a wide range of 
cold-test results. In extreme cases we found samples with about the 
same mean current but with cold-test values of 0 and 100%. No 
conductivity limits were found that would guarantee high cold-test 
values. However, high standard germination values could be predicted 
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with greater probability. Nearly all samples with current means less 
than ca. 50 and 70 microamperes for A632 and Mol7, respectively, 
produced at least 95% normal seedlings in the standard germination test. 
Prediction of seed quality was impossible for the conductivity ranges of 
50-65, 50-75, and 70-78 microamperes with A632, B73, and Mol7, 
respectively. 
Tables 42 and 43 present the distribution of conductivity values 
for individual seeds within drying treatments. We compared the standard 
and cold-test germination of each sample with the fraction (%) of seeds 
exhibiting a current smaller than certain partitioning values. The 
partitioning point producing the highest correlation was 85 microamperes 
for all data combined and for B73, 65 microamperes for A632, and 75 
microamperes for the cold-test with Mo 17 (Table 45). Maximum R^-values 
between conductivity distribution and germination values were 0.31, 
0.41, and 0.71 for standard germination and 0.26, 0.55, and 0.58 for 
cold-test of A632, B73, and Mol7, respectively. Figure 22 shows that 
germination was reduced when less than 70% of the seeds in a sample 
exhibited a current below 85 microamperes. Only 4 of 30 samples showed 
more than 65% germination in the standard and cold-test. Seed quality of 
samples with more than 70% of the seeds showing a current below 85 
microamperes can not be predicted. 
For Mol7, even higher correlations were obtained with the current 
increase between 6 and 24 hours as conductivity term (Table 46). The 
fraction of seeds with a current increase of less than 25 microamps 
correlated best with seed quality and resulted in a of 0.85 for cold-
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test and 0.81 for standard germination test. Figure 23 indicates that 
this conductivity term could be used to predict the standard germination 
of Mol7. All samples germinated at least 90% in the standard 
germination test when more than 60% of the seeds showed a conductivity 
increase of less than 25 microamperes. If less than 60% of the seeds 
were rated below that conductivity limit, 23 of 27 samples gave less 
than 90% standard germination. Predictability in more exact terms seems 
impossible. As with the two previously described conductivity values, 
no conductivity limit could be defined that would guarantee high 
germination values for all inbred lines. 
When seeds originating from drying Injured seed lots were first 
soaked for 24 hours for a conductivity test and subsequently planted in 
a germination test, conductivity and viability could be compared on the 
same individual seeds (Table 47). Seeds In the lowest conductivity 
class (below 39 microamperes for A622 and B73 and below 49 microamperes 
for Mol7) showed a viability of 78, 100, and 100% for A632, B73 and 
Mo 17. However, only 5 to 14 seeds were in the lowest class. In the 
second class, nearly half of the A632 seeds were dead but around 90% of 
the B73 and Mol7 seeds were viable. With all seed parents, the 
percentage of dead seeds Increased with Increasing conductivity, and no 
seeds germinated in the highest conductivity class. 
Seedling length averaged over germinated seeds changed by less than 
20% in the lower conductivity classes. Only seedlings in the highest 
conductivity class showed a significant reduction in seedling length. 
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Table 40. Mean conductivity of seed lots with various levels of 
injury after stepwise drying at 50 and 35 C® 
Current Current increase 
(microamps) (microamps) 
Germina tion 
Soaking between . hours 
time (hrs) of soaking 
Drying Cold Standard 
Seed at 50 C test test 
parent (hrs) (%) (%) 6 12 24 6-24 12-24 
A632 8 98.0 100.0 38.8 47.1 56.4 17.7 9.4 
16 98.5 99.5 40.5 50.9 60.2 19.6 9.2 
24 65.0 73.5 38.5 50.7 59.5 21.0 8.9 
32 26.5 74.5 41.2 55.0 65.6 24.4 10.6 
40 11.0 60.5 40.1 50.9 62.1 22.0 11.2 
B73 8 99.5 100.0 49.2 57.7 64.1 14.9 6.4 
16 98.5 99.0 48.3 56.3 64.4 16.0 8.0 
24 81.0 80.0 50.2 59.3 69.8 19.6 10.5 
32 37.5 57.5 51.7 62.7 74.9 23.3 12.2 
40 42.5 61.5 53.2 63.6 78.1 24.9 14.4 
48 19.0 50.0 52.6 63.4 78.5 25.9 15.0 
56 9.5 33.5 52.9 63.2 77.3 24.4 14.1 
Mo 17 8 96.5 95.0 57.0 66.2 70.8 13.8 5.2 
16 63.5 64.0 57.] 69.5 84.4 27.2 14.8 
24 15.5 24.0 54.8 70.0 90.8 36.1 20.8 
32 4.0 9.0 55.7 73.7 96.9 41.2 23.2 
40 0.0 6.0 54.3 72.5 96.5 42.0 23.9 
48 0.0 13.0 57.0 77.1 101.0 44.0 23.8 
*Seed lots were initially dried for different periods at 50 C 
before transfer to 35 C. All values are means of 4 replications 
with 50 seeds each. 
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Table 41. Mean conductivity of seed lots with various levels of 
injury after stepwise drying at 35 and 50 C* 
Current Current increase 
(microamps) (microamps) 
Germination 
Soaking between hours 
time (hrs) of soaking 
Drying Cold Standard 
Seed at 35 C test test 
parent (hrs) (%) (%) 6 12 24 6-24 12-24 
A632 8 20.0 84.0 37.5 45.8 56.7 19.2 10.9 
16 45.5 97.5 38.3 44.7 53.0 14.7 8.3 
24 85.5 100.0 39.7 46.1 55.6 15.9 9.5 
32 99.0 99.5 35.3 39.2 46.2 11.0 7.1 
B73 8 38.0 72.5 48.9 59.6 70.6 21.7 11.1 
16 72.0 92.5 48.4 55.4 62.4 13.9 6.9 
24 90.0 99.0 46.1 52.7 64.9 18.8 12.2 
32 95.0 99.0 44.6 48.7 58.6 14.0 9.9 
Mo 17 8 12.5 64.0 50.3 63.9 81.0 30.6 17.1 
16 28.5 86.5 49.9 61.5 73.5 23.5 12.0 
24 42.0 91.0 51.0 59.3 74.3 23.3 14.9 
32 81.5 99.5 50.5 56.9 66.7 16.2 9.8 
40 91.0 98.5 50.7 57.1 63.6 13.0 6.5 
64 98.5 100.0 56.7 62.4 66.2 9.5 3.9 
*Seed lots were initially dried for different periods at 35 C 
before transfer to 50 C. All values are means of 4 replications with 
50 seeds each. 
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Table 42. Distribution of conductivity within seed lots that showed 
various levels of drying injury after stepwise drying at 50 
C and 35 C; current after 24 hours of soaking is presented* 
Germination 
Drying Cold Standard 
Seed at 50 C test test 
parent (hrs) (%) 
Fractions of seeds in 
conductivity classes (%) 
Current (microamps) 
<45 <55 <65 <75 <85 <105 <125 
8 98.0 100.0 12. lb 47.8 81.7 95.0 98.5 99.5 99. 5 
16 98.5 99.5 9.5 33.1 66.8 87.9 98.0 100.0 100. 0 
24 65.0 73.5 9.0 39.7 67.8 87.4 97.0 100.0 100. 0 
32 26.5 74.5 6.5 27.6 49.8 76.1 90.8 97.5 99. 0 
40 11.0 60.5 4.5 23.6 64.2 86.9 94.9 99.0 99. 5 
8 99.5 100.0 2.5 24.1 58.7 80.8 92.9 100.0 100. 0 
16 98.5 99.0 4.7 22.4 59.1 77.9 92.1 98.4 99. 5 
24 81.0 80.0 3.5 21.8 44.3 64.6 82.3 95.0 97. 5 
32 37.5 57.5 7.5 16.5 32.1 51.8 69.4 93.0 98. 0 
40 42.5 61.5 2.0 8.0 21.5 52.8 68.1 91.4 98. 0 
48 19.0 50.0 1.0 7.0 26.0 44.5 67.5 92.5 97. 5 
56 9.5 33.5 1.0 8.5 26.2 50.4 67.4 91.0 98. 0 
8 96.5" 95.0 0.5 5.9 30.7 69.4 89:9 97.8 100.0 
16 63.5 64.0 0.0 2.5 18.0 35.5 57.0 84.5 95.0 
24 15.5 24.0 0.0 2.1 12.3 29.6 44.5 76.1 89.3 
32 4.0 9.0 0.0 0.0 0.5 4.5 21.1 72.2 95.5 
40 0.0 6.0 0.0 1.5 4.5 15.6 29.8 63.2 92.2 
48 0.0 13.0 0.0 0.0 0.5 4.5 17.1 64.6 87.8 
*Seed lots were initially dried for different periods at 50 C 
before transfer to 35 C. All values are means of 4 replications with 
50 seeds each. 
^Percent of seeds exhibiting a current which is smaller than the 
listed values. 
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Table 43. Distribution of conductivity within seed lots that showed 
various levels of drying injury after stepwise drying at 35 
C and 50 C; current after 24 hours of soaking is presented* 
Fractions of seeds in 
conductivity classes (%) 
Drying 
Seed at 35 C 
parent (hrs) 
Germination 
Cold Standard 
tes t tes t 
(%) (%) 
Current (microamps) 
<45 <55 <65 <75 <85 <105 <125 
8 20.0 84.0 15. lb 44. 7 69.9 92. 5 98.0 99.5 100.0 
16 45.5 97.5 23. 0 56. 2 85.9 98. 5 99.5 100.0 100.0 
24 85.5 100.0 .8. 5 49. 2 85.3 96. 4 99.5 100.0 100.0 
32 99.0 99.5 49. 6 74. 7 93.9 99. 0 100.0 100.0 100.0 
8 38,0 72.5 1. I 17. 2 39.5 66. 2 82.8 96.5 98.0 
16 72.0 92.5 9. 7 31. 6 57.8 81. 3 92.5 99.0 100.0 
24 90.0 99.0 6. 1 27. 6 51.4 74. 5 90.6 97.9 99.5 
32 95.0 99.0 16. 6 43. 0 71.5 88. 1 95.9 99.0 99.5 
8 12.5 64.0 0.0 2.5 10.5 41.5 69.0 88.0 97.5 
16 28.5 86.5 1.0 9.6 29.5 56.5 77.8 96.9 100.0 
24 42.0 91.0 0.5 7.0 26.0 58.7 80.4 95.5 99.0 
32 81.5 99.5 1.0 16.0 50.7 76.4 90.9 98.0 99.5 
40 91.0 98.5 3.0 27.5 61.6 79.8 89.9 98.5 99.5 
64 98.5 100.0 1.0 17.4 49.3 76.2 90.4 98.5 100.0 
*Seed lots were initially dried for different periods at 35 C 
before transfer to 50 C. All values are means of 4 replications with 
50 seeds each. 
^Percent of seeds exhibiting a current which is smaller than the 
listed values. 
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Table 44. Correlations between mean conductivity® and germination of 
50-seed samples^ 
for regression between mean conductivity 
(microamps) and germination (%) 
Soaking time (hrs) 
Germination 
test 
Seed 
parent 6 12 24 6-24C 12-24 
Standard A632 0.10 NS 0.25 0.28 0.34 0.06 NS^ 
germination B73 0.17 0.25 0.32 0.32 0. 16 
Mo 17 0.04 NS 0.41 0.71 0.79 0.69 
All® 0.16 0.37 0.56 0.66 0.50 
Cold-test A632 0.04 NS 0.12 0.19 0.28 0.14 
germination B73 0.27 0.34 0.46 0.41 0.22 
Mo 17 0.00 NS 0.24 0.58 0.77 0.71 
All 0.07 0.21 0.37 0.53 0.42 
^Conductivity determined as current (microamperes) passing through 
solution after soaking. 
^Correlations were calculated based on 36, 44 and 48 samples of 
A632, B73, and Mol7, respectively. Samples exhibited various levels of 
drying injury. 
^Current increase between 6 and 24 hours of soaking was used as 
conductivity value. 
'^Non-significant at the 0.05 level. 
^Data from all 3 seed parents included in the regressions. 
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Table 45. Correlations between frequency of seeds in conductivity 
classes and germination; current after 24 hours of soaking 
was used as conductivity value* 
for regression between frequency (%)b 
and germination (%) 
Partitions (microamperes)^ 
Germination 
test 
Seed 
parent 55 65 75 85 95 
Standard A632 0.25 0.31 0.30 0.29 
O
 
o
 
germination B73 0.18 0.28 0.32 0.41 0.26 
Ho 17 0.27 0.45 0.67 0.71 0.67 
All® 0.25 0.41 0.56 0.62 0.56 
Cold-test A632 0.18 0.26 0.17 0.19 0.15 
germina tion B73 0.28 0.42 0.46 0.55 0.36 
Mo 17 0.27 0.48 0.58 0.55 0.49 
All 0.20 0.34 0.37 0.38 0.32 
^Correlations were calculated based on 36, 44, and 48 samples of 
A632, B73, and Mol7, respectively. Samples exhibited various levels of 
drying injury. 
Frequency of seeds that showed currents below partition values. 
^Current used to partition seeds into conductivity classes. 
^Non-significant at the 0.05 level. 
^Data from all 3 seed parents included in the regressions. 
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Table 46. Correlations between frequency of seeds in conductivity 
classes and germination; current Increase between 6 and 24 
hours of soaking was used as the conductivity value^ 
for regression between frequency (%)^ 
and germination (%) 
Partitions (microamperes)^ 
Germination . 
test 
Seed 
parent 5 15 25 35 45 55 
Standard A632 0.07 NS<^ 0.23 0.35 o
 
00
 
0.03 NS 0.21 
germination B73 0. 14 0.26 0.31 0. 20 0.08 NS 0.10 
Mo 17 0.23 0.48 0.81 0.79 0.67 0.49 
All® 0.12 0.34 0.66 0.62 0.52 0.41 
Cold-test A632 0. 11 0.16 0.26 0.19 0.08 NS 0.19 
germination B73 0.07 NS 0.31 0.44 0.32 0.18 0.13 
Mo 17 0.37 0.69 0.85 0. 59 0.44 0.30 
All 0.18 0.42 0.55 0.36 0.27 0.22 
^Correlations were calculated based on 36, 44, and 48 samples of 
A632, B73, and Mol7, respectively. Samples exhibited various levels of 
drying injury. 
'^Frequency of seeds that showed a current increase below partition 
value. 
^Current used to partition seeds into conductivity classes. 
^Non-significant at the 0.05 level. 
^Data from all 3 seed parents included in the regressions. 
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Figure 21. Relationship between conductivity-test result and 
germination of seed lots with various levels of drying injury. 
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Figure 23. Relationship between conductivity distribution and 
germination of seed lots with various levels of drying 
injury. 
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Table 47. Relationship between viability and conducltivlty value of 
individual seeds^ 
Germinated Dead Seedling length (mm) 
seeds^ seeds 
Seed 
parent 
Current 
(microamps a % # % 
Mean of 
mlnated 
ger-
seeds 
Mean i 
all set 
A632 30-39 14 78 4 22 180 140 
40-49 30 46 35 54 159 73 
50-59 10 24 31 76 186 45 
60-69 2 12 15 88 67 8 
70-79 0 0 6 100 - 0 
80-89 0 0 3 100 - 0 
Total 30-89 56 37 94 63 166 62 
B73 30-39 6 100 0 0 250 250 
40-49 21 91 2 9 260 237 
50-59 39 80 10 20 244 194 
60-69 30 79 8 21 205 162 
70-79 6 37 10 63 215 81 
80-89 3 27 6 73 130 35 
90-99 0 0 7 100 - 0 
Total 30-99 105 69 45 31 231 162 
Mol7 40-49 5 100 0 0 183 183 
50-59 17 89 2 11 191 171 
60-69 19 66 10 34 169 111 
70-79 10 37 17 63 130 48 
80-89 7 26 20 74 183 47 
90-99 6 25 18 75 95 24 
100-109 0 0 11 100 - 0 
110-119 0 0 3 100 - 0 
120-129 0 0 5 100 - 0 
Total 40-129 64 43 86 57 164 70 
^Conductivity and viability were determined on the same 
Individual seeds. 150 seeds were Included per seed parent. 
^Seeds per conductivity class that showed radicle growth of at 
least 5 mm. 
^Current passing through solution after soaking single seeds 
for 24 hours. 
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Seed and Cob Temperature during Drying 
The temperature of shelled seeds during drying at 50 C air 
temperature Increased during the first 15 minutes of drying from ca. 16 
C to 41 C, reached ca. 46 C after 30 minutes and 49 C after 2 hours 
(Table 48). Not quite as rapid a temperature Increase was measured in 
seeds of intact ears. The temperature was ca. 31 C after 15 minutes, 39 
C after 30 minutes, and 45 C after 2 hours. After that, the temperature 
rose on an average 0.1 C or less per hour and reached ca. 49 C after 45 
hours. The measurements in the cob during the first 2 hours of drying 
were 3-5 C lower than those on seeds of Intact ears. With progressive 
drying, this temperature difference declined, and after 35 hours both 
seeds and shank showed the same temperature. The reported values are 
means of 8 seeds and 4 cobs and the presented minima and maxima 
measurements reflect differences between seeds, ears, positions of 
thermocouples as well as error Inherent in the measuring instruments. 
Storabllity of Seed Lots with Drying Injury 
A632, B73, and Mol7 harvested in 1984 at ca. 48% seed moisture and 
dried for different periods at 50 C before being transferred to 35 C 
germinated 1-100% in the standard germination test and 0-99% in the 
cold-test (Tables A1 and 49). All 3 seed parents exhibited a wide range 
of Injury after the different drying treatments. The mean standard 
germination per drying treatment declined during storage by 0-14% for 
A632, 0-20% for B73, and 0-12% for Mol7. However, 1-2 of the 7-9 drying 
treatments per seed parent showed slightly greater means for standard 
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germination after storage. Most means for standard germination and 
cold-test values changed less than 5% during the 1.5 years of storage. 
The overall mean standard germination before and after storage was 73.2 
versus 69.0% for A632, 70.2 versus 65.0% for B73 and 33.4 versus 30.9% 
for Mol7. The overall mean cold-test values declined during storage 
from 48.0 to 44.6% for A632, from 56.4 to 51.6% for B73, and increased 
from 25.6 to 26.6% for Mol7. Four of 5 treatments with a mean initial 
standard and cold-test germination over 95% showed no signs of 
deterioration during storage as the values declined by less than 2%. 
Because of the inconsistent effect of storage the analysis of variance 
showed no significance for storage (Table 50). The probability of a 
greater F-value for the storage mean square was 0.11 for standard 
germination and 0.20 for the cold-test value. The greatest part of the 
variance was accounted for by the difference between seed parents and 
drying treatments. These results were described in the first chapter of 
the results section. 
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Table 48. Seed and cob temperature during drying at 50 C in a 
thin-layer drying system 
Temperature (C) 
Position of thermocouple 
Time 
after Single seed Seed on ear^ Inner cob^ 
drying 
start 
(hrs;min) Mean Range Mean Range Mean Range 
0:00 16.3 15.9-17. 1 15.5 14.5-15. 8 14.7 14.4-15. 1 
0:15 40.8 37.6-43. 8 30.6 26.7-32. 1 25.6 24.3-26. 8 
0:30 46.4 43.8-48. 8 38.6 34.3-40. 0 34.7 32.9-36. 0 
0:45 47.4 45.0-49. 5 41.8 38.2-43. 3 38.3 36.2-39. 5 
1:00 47.3 45.6-49. 1 43.1 40.2-44. 3 39.7 37.6-40. 6 
1:30 48.2 46.7-49. 7 44.5 41.8-45. 5 41.2 39.4-42. 2 
2:00 49.1 47.4-50. 9 45.4 42.6-46. 9 42.1 40.3-43. 2 
5:00 49.8 48.2-51. 3 45.7 42.9-47. 2 43.0 42.2-44. 0 
10:00 49.5 48.7-50. 9 46.3 43.9-47. 4 44.6 43.7-45. 7 
15:00 49.5 48.8-50. 9 46.8 44.7-47. 9 45.7 44.8-46. 8 
20:00 49.5 48.7-50. 7 47.1 45.6-47. 9 46.4 45.6-47. 3 
25:00 50.2 49.4-51. 4 47.9 46.3-49. 5 47.4 46.5-48. 4 
35:00 49.7 48.9-50. 6 48.0 46.9-48. 9 48.3 47.3-49. 3 
45:00 49.8 49.0-50. 7 48.7 47.8-49. 6 48.8 48.1-49. 6 
^Thermocouples were inserted into embryos of seeds that were 
removed from ears. Means of 8 seeds are presented. 
^Thermocouples were inserted into seeds on intact ears. Means 
of 8 seeds are presented. 
^Thermocouples were inserted into the middle of cobs. Means of 
4 ears are presented. 
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Table 49. Pre- and post-storage viability of seed samples with various 
levels of drying injury* 
Seed parents 
A632 B73 Mo 17 
Drying 
Seed time 
quality at 50 C Before After Before After Before After 
measurement (hrs) storage^ storage storage storage storage storage 
Germination 8 100.0 99.5 100.0 98.5 95.0 94.5 
in germ. 16 99.5 94.0 99.0 98.5 64.0 60.0 
test (%) 24 73.5 64.5 80.0 82.5 24.0 25.0 
32 74.5 60.5 57.5 52.7 9.0 9.0 
40 60.5 53.0 61.5 42.0 6.0 7.5 
48 59.0 60.0 50.0 39.5 13.0 5.0 
56 33.5 32.5 15.0 3.5 
64 45.5 51.5 43.5 41.0 23.0 15.0 
72 36.0 29.0 7.0 1.5 
Mean^ 73.2 69.0 70.2 65.0 33.4 30.9 
Germination 8 98.0 96.0 99.5 99.0 96.5 92.0 
in cold test 16 98.5 99.0 98.5 99.0 63.5 62.2 
(%) 24 65.0 52.5 81.0 80.0 15.5 22.7 
32 26.5 30.5 37.5 33.0 4.0 5.0 
40 11.0 12.5 42.5 25.5 0.0 3.5 
48 14.0 18.5 19.0 15.5 0.0 0.8 
56 9.5 7.5 1.5 1.5 
64 23.0 3.5 16.5 9.0 0.0 0.0 
72 6.0 4.5 1.0 2.0 
Mean^ 48.0 44.6 56.4 51.6 25.6 26.6 
*A11 values are means of 4 replications. Ears were harvested 1984 
at ca. 48% seed moisture for the 2-phase drying study and dried for dif­
ferent periods at 50 C before being transferred to 35 C. 
^Storage period was 1.5 years. First germination tests were per­
formed 3 months after harvest and second tests 18 months later. 
^Data for 56 and 72 hours of 50 C drying are not included so as to 
make the means comparable. 
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Table 50. Analysis of variance for pre- and post-storage viability 
of seed samples with various levels of drying injury* 
Mean squares 
Standard Cold-test 
Source df germination germination 
Storage (S) 1 677 240 
Seed parent (SP) 2 26009*** 11586*** 
Time at 50 C (T) 6 15250*** 32950*** 
Replication block 3 639 823** 
S X SP 2 26 125 
S X T 6 50 67 
SP X T 12 933*** 848*** 
S X SP X T 12 94 100 
Error 262 146 
^Ears were harvested 1984 at ca. 48% seed moisture for the 
2-phase drying study and dried for different periods at 50 C before 
being transferred to 35 C. The 56- and 72-hour treatments were not 
included in the analysis so as to receive a balanced design. 
**, ***Significant at the 0.01 and 0.001 level. 
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DISCUSSION 
Drying Ears In 2 Phases at 50 and 35 C 
Ears of ca. 48% seed moisture could be safely dried at 50 C for 4 
to 15 hours when subsequently dried at 35 C. This initial lag period 
In which no Injury occurred varied with seed parents and years. Washko 
(1941) found in a similar study that Injury became evident only after 
36 hours of drying at 49 C. Injury was only evaluated in a warm 
germination test. Little difference was determined between the warm 
and cold test in our study. The Injury lag in this study was shorter 
than that reported by Washko even though harvest moisture was similar. 
Anonymous (1978) determined that the Initial 4 hours of 55 C drying did 
not cause Injury, but cold-test values were reduced after 8 hours of 
drying. 
After the lag period, germination dropped linearly with prolonged 
50 C drying. Germination curves can be described in different ways. 
Roberts (1986) used the problt transformation to quantify seed 
deterioration during storage. Logarithmic and arcsin transformations 
are sometimes used to provide better predictability when response 
curves are expressed in percent, especially survival curves (Snedecor 
and Cochran, 1980). Simple linear models Including data points after 
the lag phase, with standard or cold test germination in the y-axis and 
drying time or moisture In the x-axis, resulted in most cases in higher 
2 R than models with log, problt, or arcsin transformations. 
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Embryos dried slower than seeds during the Initial 8-24 hours of 
drying but more rapidly in the subsequent drying period. values for 
models with germination in the y-axls and embryo moisture In the x-axis 
were not significantly higher than those for models with seed moisture 
or drying time in the x-axis. Therefore, embryo moisture did not prove 
to be a better parameter to predict seed injury than were seed moisture 
or drying time. However, Table 3 and Figure 1 present some evidence 
that embryo moisture could be used to predict the length of the initial 
safe 50 C drying phase. Table 3 shows that cold test germination was 
predicted to drop below 90% when 50 C drying continued for more that 4-
15 hours, when whole seeds dried 1-20%, or when embryos dried 0-5%. 
The start of seed deterioration during high temperature drying seems to 
concide with the start of embryo drying. From this coincidence we 
cannot conclude that the embryo drying process actually caused the 
Injury. The Initial safe 50 C drying can also mean that a minimum 
period of 50 C exposure was required for deterioration to start. The 
embryo moisture at 0 hour drying time (harvest moisture) for harvest 1 
In 1983 may be ca. 2-3% higher than indicated in Tables 3, 7, Al, and 
A7. Embryos of moisture samples were allowed to dissipate some 
moisture between excision and fresh weight determination. This error 
did not affect values determined during the drying process and Is not 
large enough to invalidate our results. 
Multivariate analysis with time and moisture values as independent 
variables did not significantly Improve the description of the 
germination response. Time and moisture were too closely correlated. 
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The close correlation makes it impossible to identify the injury 
causing factor: drying time at 50 C, seed moisture.loss during 50 C 
drying, or embryo moisture loss during 50 C drying (Cox, 1983; Snedecor 
and Cochran, 1980). 
For Mo 17 in 1984 most seed injury occurred in the 50 C drying 
interval between 8 and 32 hours. After 32 hours (ca. 30% seed 
moisture) most seed was kill.ed and little more damage was possible. 
However, cold tests for A632 and B73 in 1984 and for A632 in 1983 
clearly dropped during 50 C drying even beyond 20% seed moisture, up to 
the end of drying. This result is unexpected as ears harvested at 
moistures lower than 25-30% are not injured by 50 C drying (Wileman and 
Ullstrup, 1945; Navra til and Burris, 1984). 
Field drying to 25-30% seed moisture seems to allow some mechanism 
to occur that renders seed tolerant to 50 C drying. Our experiment 
shows that this mechanism does not function during high temperature 
drying. Seed that was dried to 25-30% moisture at 50 C can still 
suffer additional injury with further 50 C drying. 
Seedling dry weights were significantly reduced in 1983 after only 
6-12 hours of 50 C exposure in A632 and B73, before any injury was 
exhibited in the germination results (Figure 1). Most deterioration 
processes cause seeds to loose their vigor before they loose their 
germination capacity (Woodstock, 1973). In other words, drying injury 
is a quantitative rather than a qualitative mechanism. The curves for 
A632 and B73 in Figure 1 show that a vigor evaluation may be more 
effective than the cold test in determining low levels of drying 
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injury. However, seedling dry weight measurements are very time 
consuming and not likely to be used in a large scale testing program. 
Akintorin-Adegbuyi (1985) compared high vigor seed samples with others 
that showed a vigor reduction caused by high temperature drying. Low 
vigor seed lots outgrew the initial disadvantage at later growth stages 
in the field. They yielded the same as high vigor lots when plant 
density was the same. 
Mo 17 showed a lower level of dry weight reduction during 50 C 
drying than Â632 and B73, and the cold-test was a more sensitive 
measurement of drying injury. 
Ears of harvest 2 in 1983 harvested at 38% seed moisture averaged 
a smaller quality decline per hour of 50 C exposure than seed of 
harvest 1. This was expected because seed is generally less drying 
susceptible at lower harvest moistures. Seed injury occurred when 
samples were dried at 50 C for over ca. 18-24 hours. Similar to 
harvest 1, damage occurred up to the very end of the drying process, 
even when seed moistures reached below 25%. 
Vigor declined significantly during 50 C drying of A632 and B73 but 
not for Mo 17. As in harvest 1, Mo 17 seemed to respond to 50 C drying 
with a cold-test decline rather than with a decline in seedling dry 
weight. 
Seed samples harvested at a mean seed moisture of 32-35% in 1984 
exhibited very little injury even after complete 50 C drying. However, 
it cannot be concluded that seed harvested at a mean moisture of 32-35% 
can generally be dried at 50 C. We have to consider that the ears in 
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our experiments were usually selected for a homogeneous milk line and 
nearly all ears were in a range of +/- 2% from the mean seed moisture. 
In contrast, when ears were randomly picked in a field we found seed 
moisture of single ears to deviate as much as 10% from the mean. It 
was also shown that hybrids expressed different drying susceptibility 
in different years. Careful determination of the seed moisture range 
in a field and conservative consideration of temperature 
recommendations are critical for successful seed drying. 
Embryo moisture at harvest averaged lower in 1983 than in 1984 and 
yet damage occurred only in 1983. This result indicates again that 
embryo moisture is not a good indicator of drying susceptibility. An 
experiment could be designed to further evaluate embryo moisture as a 
maturity index by defining the relationship between embryo moisture at 
harvest and drying susceptibility. Our data on embryo moisture at 
harvest are too limited to exclude the possibility, that embryo 
moisture may explain some of the differences between seed parents and 
years in drying susceptibility. Seed moisture has been evaluated at 
Iowa State University with a large number of harvest dates. A very 
significant linear relationship between seed moisture and drying 
susceptibility was calculated by Burris (Seed Science Center, Iowa 
State University, unpublished results). 
Susceptibility of a seed parent in this experiment could be 
expressed in the amount of injury after complete drying at 50 C or in 
the rate of deterioration during 50 C drying. The standard germination 
in 1983 dropped significantly more rapidly for A632 than for B73 and 
Mo 17 during drying at 50 C (Table 4). The cold test germination in 
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1983 declined ca. 3% per hour of 50 C drying for A632 and Mo 17 compared 
with ca. 1.6% for B73. In 1984, Mo 17 exhibited a significantly higher 
deterioration rate than the other two seed parents. Loss in standard 
germination per % moisture loss at 50 C was lowest for Mol7 in 1983, 
but in 1984 the rate was far greater than for Â632 and B73. Drying 
susceptibility of seed parents can change greatly between years. Meier 
(1983a) came to the same conclusion after studying the drying 
susceptibility of many genotypes. 
The cold-test values after complete drying at 50 C were similar 
for all inbreds at harvest 2 in both years and at harvest 1 in 1984 and 
even lower for A632 than for the other 2 inbreds at harvest 1 in 1983 
(Tables A1 and A2). This result and the comparison of deterioration 
rates during 50 C drying suggest that A632 can not be called drying 
tolerant in this experiment. In contrast, Navra til and Burris (1984) 
reported that A632 was relatively tolerant compared with B73 and Mol7. 
They speculated that the high drying rate of A632 brings the seed more 
rapidly out of the high moisture range. Their suggestion that most 
drying injury occurs early in the drying process at high seed moistures 
is not substantiated by this experiment. In most cases damage during 
50 C drying continues to occur even in the final hours of drying. 
How may the weather have affected drying susceptibility? A632 in 
1983 may have been susceptible in 1983 because temperature and moisture 
stress during the seed filling period affected it more than the later 
maturing B73 and Mo 17 (Table E3). Susceptibility of Mo 17 in 1984 may 
have been a response to the drought stress during all of August. 
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Drying Ears in 2 Phases at 35 and 50 C 
Ears harvested at ca. 48% seed moisture showed low standard 
germination and even lower cold-test results when dried completely at 
50 C. Damage could be greatly reduced by drying seed lots first at 35 
C before completing the drying at 50 C (Figures 7, 9, and 10, and Table 
A7). Different inbreds gained tolerance to 50 C drying after different 
lengths of 35 C drying. A632 required in both years ca. 29 hours and 
Mol7 ca. 40 hours at 35 C for a cold-test value of 90%, whereas B73 
required ca. 40 hours in 1983 and 23 hours in 1984. The thresholds 
correspond to moisture values of ca. 30-39%. The significant 
difference in drying susceptibility between years is again very clearly 
shown in this experiment. A632 was tolerant to 50 C drying when 
previously dried at 35 C to 38% seed moisture in 1983 and to 32% in 
1984. B73 showed a reverse response and initial drying at 35 C to 35% 
was required in 1983 but only to 39% in 1984. These differences 
between years make it difficult to describe the combination of low and 
high temperature drying that will result in high quality seed. Initial 
drying at 35 C for 40-50 hours or to 25-30% seed moisture would at this 
point be a conservative description of the requirement for high 
temperature tolerance. An earlier study with the same inbred lines 
showed that a similar level of tolerance to 50 C drying was obtained by 
field drying to ca. 20-25% seed moisture (Navratil, 1981). 
Preconditioning appears to accelerate a maturation process normally 
occurring in the field. 
145 
Standard germination and cold test exhibited a very strong linear 
relationship with initial drying time at 35 C and seed moisture after 
35 C drying (Figure 7, 9, 10, and Table 8). values ranged between 
0.68 and 0.91 for the different cold-test curves. The strength of the 
relationship was on average similar for seed moisture and drying time. 
Drying time at 35 C and seed moisture after 35 C were highly correlated 
and correlation coefficients of over 0.9 were computed (Table A13). 
Therefore, we cannot conclude from this experiment whether drying time 
or moisture at transfer had the greater effect on germination values. 
Multiple regressions with moisture and time as independent variables 
did not significantly increase the values compared with simple 
regressions. 
Correlation between embryo moisture and seed quality was 
significant only in 6 out of 12 curves (Table 8). This poor 
correlation resulted because embryo moisture changed little during the 
initial 35 C drying period. That period was most effective in 
hardening seed against injury during subsequent 50 C drying. 
Consequently embryo moisture appears to be a less reliable indicator of 
drying susceptibility than seed moisture or drying time. 
It is surprising that the hardening process that occurred during 
23-41 hours of initial 35 C drying only produced ca. 0-6% embryo drying 
for A632 and B73 and up to 10% for Mol7 (Table 7). Embryos still 
contained ca. 43-54% moisture when 50 C drying was predicted safe. 
This result suggests that some mechanism other than embryo drying at 
low temperature produces the 50 C tolerance. It may also be that 
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embryo drying at 35 C, however in small amounts, is critical for high 
temperature tolerance. 
Little or no injury was determined with samples harvested in 1984 
at 32-35% seed moisture. Samples harvested in 1983 at 38% seed 
moisture exhibited cold-test values of only ca. 60% when completely 
dried at 50 C. Cold-test results and seedling vigor increased 
significantly with initial 35 C drying. Samples were predicted to gain 
tolerance to 50 C drying when dried initially at 35 C for 11-37 hours 
to 26-32% seed moisture (Table 7). Seed moisture thresholds were 
within the range of those values determined for harvest 1, whereas 
embryo moisture thresholds were 39 to 45% and therefore lower than in 
harvest 1. 
The seed industry takes some advantage from Initial low 
temperature drying by using the double-pass drying system. Little has 
been known about the actual benefits and limitations of that system. 
Our results indicate that drying schedules that start with a low air 
temperature and increase it during the drying process have a great 
potential in making seed drying more efficient and safer. By carefully 
designing temperature programs for seed lots of different moisture 
content the seed industry could reduce the drying time and Increase the 
drying capacity. This would require that air temperature could be 
adjusted for each bin or small group of bins. Such a refined 
temperature management would be possible with certain single-pass 
dryers that are presently used but it seems less feasible with large 
size double-pass dryers. This study shows a potential for more 
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effective seed corn drying methods. Detailed recommendations for the 
seed Industry cannot be given at this point as our study has been 
performed with a thin-layer system and the Industry uses deep-bed 
systems. The effect of initial low temperature drying should be 
investigated on deep-bed drying systems so as to evaluate the suggested 
benefit. 
Drying Ears in 3 Phases 
In another experiment ears were dried at 35 C, 50 C, and again at 
35 C. This is another example of how high and low temperature drying 
could be combined. The longer samples were initially dried at 35 C, 
the longer they could sustain subsequent 50 C drying without a great 
reduction in cold-test values. This result agrees with the results of 
the single transfer studies both from 50 to 35 C and from 35 to 50 C. 
The analysis of variance (Table 12) shows that the initial time at 35 C 
was more significant in determining the standard germination than was 
the length of the 50 C interval, but the 50 C interval explained a 
greater part of the cold test response. Table 11 supports that 
finding. No reduction in standard germination occurred after 16 hours 
of 35 C drying, whereas cold-test values showed a slight depression 
even after 40 hours at 35 C when this phase was followed by 32 hours of 
50 C drying. 
In a similar study samples were dried in 3 phases, first at 50 C, 
followed by a second phase at 35 C and a last one at 50 C. The length 
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of the Initial 50 C phase determined to a large extent the standard 
germination whereas the duration of the 35 C interval was not 
significant. Therefore, the standard germination was reduced in the 
initial 50 C phase rather than in the 50 C phase at the end. Even a 
short drying interval at 35 C inhibited further reduction in standard 
germination. The moisture loss during the 35 C interval was 
significantly correlated with standard germination even though the 
duration of that interval was not correlated. This, however, is likely 
an indirect response to the initial 50 C phase. Samples that initially 
dried longer at 50 C, dried less in the 35 C interval. 
Cold test results responded in a different way. The shorter the 
initial phase at 50 C and the longer the phase at 35 C, the higher was 
the cold test germination. Only when samples were dried for 40 hours 
at 50 C, was the subsequent 35 C drying without effect because the 
injury had already occurred. The results of this 3-phase study support 
those of the previous experiment. When samples are evaluated in a 
standard germination test they show tolerance to 50 C after a shorter 
period of initial 35 C drying than when they are evaluated in a cold 
test. 
Because of the high correlation between moisture and time 
variables, partial sums of squares were mostly insignificant in the 
model with 4 independent variables (Table A17). 
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Drying Ears and Shelled Seed 
In a first experiment samples were dried on the ear or shelled at 
straight 35 C, 42 C, or 50 C without any combination of temperatures. 
Drying ears or shelled seed at 35 C and 42 C did not have a negative 
effect on standard germination figures for A632 and B73. The figures 
declined by 6-12% when samples of Mol7 were shelled before drying at 42 
C as compared to ear drying. In contrast to standard germination 
values, shelled seed drying at 42 C reduced the cold-test values for 
all inbred lines significantly. Cold-test results for Mol7 declined 
even during 35 C drying of shelled seed to values between 71 and 87%. 
Only the last harvest at ca. 32% seed moisture showed a 100% cold test 
for both shelled and ear samples. In most cases injury was greater for 
shelled than for ear samples after 50 C drying. 
Drying of shelled seed at 35 C occurred at a more rapid rate than 
drying of ears at 50 C (Table 27). This is especially true for the 
embryo drying rates. In spite of the high drying rates, shelling seed 
before drying at 35 C did not reduce germination values for A632 and 
B73. This is clear evidence that high temperature drying damage is not 
caused by the high drying rate alone. The temperature is also an 
important factor in drying damage. High drying rates caused damage on 
A632 and B73 only at higher temperatures of 42 and 50 C. This result 
contradicts the finding of Struve (1958). He determined similar levels 
of injury after vacuum drying of com seed at either 50 or 30 C. His 
conclusion was that high drying rate rather than high temperature 
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causes injury. Vacuum drying at 30 C resulted in ca. 2% seed moisture 
loss per hour during the early drying phase. Vacuum drying at 50 C 
produced a drying rate of ca. 4%/hr and air drying one of ca. 1%/hr. 
Rates in our experiment reached past 2%/hr only when shelled corn was 
dried at 50 C. Struve obviously created drying rates that were high 
enough to cause Injury even at 30 C, and the vacuum itself may have had 
a negative effect. 
The experiment in which samples of ears and shelled seed were 
dried in 2 phases at 50 and 35 C gave results similar to the experiment 
with straight 50, 42, or 35 C drying. Rapid drying at 50 C can cause 
injury under certain but not all conditions. Mol7 harvested in 1984 at 
32% did not show any injury even after very rapid drying of shelled 
seed at 50 C. Seed drying rates of 2.4%/hr and embryo drying rates of 
3.7%/hr were calculated (Table 26). B73 had not reached this level of 
drying tolerance at 35% harvest moisture. All 3 seed quality 
measurements declined when shelled samples of B73 were partially dried 
at 50 C. The same length of 50 C exposure did not reduce seed quality 
on ears. Struve determined cold test reductions after vacuum drying of 
samples even when seed moisture was ca. 30%. Increased air flows as 
suggested by Hausler (1975) or air dehumidification as proposed by 
Deloffre (1986) would not increase the drying rate to dangerous levels. 
The injury due to drying rate was clearer in 1985 when the 
experiment was extended to material of higher moisture. A632 and B73 
harvested at a mean seed moisture of 46-47% maintained high germination 
values when either ears or shelled samples were completely dried at 
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35 C. About a 10-20% reduction was determined for seedling dry weights 
on shelled samples compared with ear samples. Cold-test values of 
shelled Mol7 samples dropped 10-17% compared with ear samples when seed 
was dried completely at 35 C. Shelled and ear samples responded very 
differently to partial 50 C drying. Injury was generally greater for 
shelled than for ear com and appeared after a shorter 50 C exposure. 
After 4 hours at 50 C, shelled samples were injured very significantly. 
Both standard and cold test germination were depressed to a similar 
extent. The same response was observed at harvests both at 46-47% and 
39-43% seed moisture. During the initial drying phase, embryos dry 
very slowly with ear drying but rapidly with shelled seed (Table 27). 
This may be a significant factor for the high drying susceptibility of 
shelled seed. 
The fact that seed quality for B73 and Mol7 averaged slightly 
higher in harvest 1 than in harvest 2 is unexpected as seed normally 
gains gradually more drying tolerance with later harvests. Reasons for 
the relatively poor seed quality in harvest 2 may be found in the 
weather conditions before or at harvest. It is at this point not known 
how weather influences drying susceptibility. The shoot to root ratio 
was significantly affected by drying time at 50 C, but it did not 
consistently increase with prolonged exposure to 50 C. 
In summary we found only one case, Mol7 in 1984, where shelled 
seed could be dried at 50 C without injury. Most likely the low seed 
moisture of 32% and corresponding advanced maturity was responsible for 
this high degree of drying tolerance. Other inbreds can be expected to 
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respond similarly at low harvest moistures. Drying shelled seed at 35 
C produced drying rates that were higher than for ear drying at 50 C. 
And yet, no drying injury occurred except for a 10-20% seedling dry 
weight reduction and a 10-17% cold test reduction for Mol7. However, 
shelled seed was much more susceptible to 50 C drying than were ears. 
Germination and cold test dropped to very low values after only 4 hours 
of drying. 
Both ears and shelled seed samples benefited greatly from an 
initial drying period at 35 C when samples were subsequently dried at 
50 C. A632 had to be dried at 35 C for 16 hours in harvest 1 and for 
24 hours in harvest 2 to reach a 90% cold test. B73 required 24 hours 
in harvest 1 and <48 hours in harvest 2, whereas Mo 17 required 48 hours 
in both harvests for ear samples. Shelled Mol7 samples germinated only 
60% in the cold test even after complete drying at 35 C. Requirements 
for 90% cold test were similar for shelled and ear samples when 
expressed as hours of drying. However, they were very different when 
expressed as moisture content that had to be reached before 50 C drying 
was safe. For A632 these thresholds were 39 and 23% seed moisture for 
ear and shelled samples at harvest 1, 32 and 19% at harvest 2. The 
values for embryo moisture were 53 and 30% at harvest 1, 46 and 22% at 
harvest 2. Values for 373 were similar. At this point we still cannot 
conclude whether the length of 35 C exposure or the moisture loss 
during 35 C drying is critical for the hardening mechanism that renders 
seed tolerant to 50 C drying. However, much less moisture loss at 35 C 
would be required with slow than with rapid drying. 
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As observed earlier, Mo 17 was the only one of the 3 inbreds 
injured when harvested early and dried at 35 C as shelled seed. 
Preconditioning Seed at Different Temperatures and Relative Humidities 
A different experiment was designed to examine the effectivity of 
different treatments in producing tolerance to high temperature drying. 
Different temperatures and relative humidities were used to 
precondition seed samples before drying them at 50 C. Standard 
germination and cold-test values were 0% when ears from Mo 17 were 
harvested at 47% seed moisture in 1984 or 43% seed moisture in 1985 and 
dried at 50 C. Preconditioning treatments effectively improved seed 
quality. Long preconditioning times of several days were required to 
significantly increase cold-test results when preconditioning was 
performed under slow drying conditions at 60% R.H. and 10 C or at 95% 
R.H. and 10, 20, or 35 C. Even after 88-120 hours, these 
preconditioning treatments still produced cold-test results of only 36-
73%. They were more effective in increasing standard germination. 
Higher values than in the cold test were reached after a shorter 
preconditioning time. We can conclude that seed samples harvested at 
high moisture can acquire only partial tolerance to 50 C drying when 
they are stored for 3-5 days under non-drying conditions. 
Preconditioning treatments that allowed moderate drying were more 
effective in hardening samples against subsequent 50 C drying. 
Therefore, seed quality is well correlated with preconditioning time or 
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seed moisture after preconditioning. Slopes of the regressions show 
that 35 C was more effective (per hour) than 20 C in improving the 
standard and cold test germination. The gain in cold test germination 
per hour was higher for preconditioning at 35 C than 20 C but similar 
for 35 C/35% R.H. and 35 C/60% R.H. The drying rate at 60% R.H. was 
lower and samples required less moisture loss than with the 35 C/35% 
R.H. treatment to acquire 50 C tolerance. The difference was clearly 
significant. 
These results support the findings from the experiment with 
shelled samples. Requirements to reach drying tolerance cannot simply 
be described as a certain amount of moisture loss at low temperatures. 
The required amount is higher when the preconditioning allows rapid 
drying, and lower, when drying is slow. The results from the high 
humidity treatments are evidence that exposure at 35 C without drying 
is only partially effective in producing 50 C tolerance. It seems that 
both exposure time and moisture loss at a moderate temperature of 20-35 
C are factors of the mechanism that produces 50 C tolerance. 
Drying Ears at 50 C and Different Relative Humidities 
Ear samples from Mol7 deteriorated significantly more rapidly when 
dried at 50 C and 20% relative humidity than at 50 C and 60% relative 
humidity. Standard and cold-test germination as well as seedling dry 
weights dropped off more slowly at the higher humidity. The average 
seed drying rate was reduced from 0.52-0.58%/hr at 20% R.H. to 0.29-
155 
0.37%/hr at 60% R.H. Drying rates at the higher humidity were similar 
to those obtained during 35 C drying, which did not cause seed damage. 
We conclude that the high drying rate during 50 C drying explains part 
of the seed damage, but the high temperature is another important cause 
of injury. This result agrees with what we found in the experiments in 
which we dried shelled seeds. It is surprising that deterioration 
proceeded more rapidly in 1985 than in 1984 even though seed moisture 
at harvest and seed drying rates were higher in 1984. This is once 
more evidence that drying susceptibility of an inbred can change 
between years. 
No seeds survived exposure to 50 C and 95% R.H. for 16 hours. 
This treatment was more severe than other 50 C treatment because It did 
not allow any drying. Samples were kept in their most susceptible 
stage at high moisture and were not cooled by evaporation. Bacterial 
growth may also have affected the viability of the seed. Nellist and 
Hughes (1973) report on similar results with other species. 
Drying of Excised Embryos 
Drying rates up to nearly 40%/hr were calculated when freshly 
excised embryos were dried at different temperatures. In comparison, 
embryo drying rates for on ear drying at 50 C are less than 1.4% and at 
35 C less than 0.8%/hr. For drying of shelled seed at 50 C the rates 
are still lower than 4% and at 35 C less than 2%/hr. 
In spite of the higher drying rates of excised embryos, survival 
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rate was very good in all 3 experiments when measured as warm 
germination. Embryos germinated over 90% in experiment 1 Independent 
of drying temperature. Thanks to the carbohydrate supply, sugar or 
Murashige-Skoog medium produced stronger plantlets than filter paper. 
A significant dry weight reduction was also determined for the 50 C 
treatment compared with 35 and 22 C. The higher temperature obviously 
reduced the vigor of the embryos. 
The drying of excised embryos, shelled seed, and ears was compared 
in experiment 2. After prolonged exposure to 50 C, excised embryos 
germinated much better than shelled seed even though embryos were 
overdried to 3-4% moisture. Neither shelled seeds nor embryos survived 
the high humidity treatment for 24 hours. Drying treatments 
significantly affected seedling dry weights but not plantlets grown 
from embryos. It is surprising that 48 hours of on-ear drying at 50 C 
did not reduce standard germination. This may be due to the fact that 
ears for this experiment were kept in cold storage for 7 days before 
drying treatments were performed. The preconditioning study has shown 
that a long storage period at 10 C before 50 C drying increased 
standard germination. 
A cold test was included in the third embryo drying experiment. 
When embryos were dried to ca. 10% during the 2 hour treatment at 50 C, 
72% germinated in the standard germination test and 68% in the cold 
test. Overdrying embryos during 24 hours at 50 C appeared to injure 
embryos in a specific manner producing a standard germination of 80% 
and a cold test of 1%. A Pénicillium Infection may have contributed to 
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this low cold-test result but was certainly not the only reason because 
the fungus grew on material of the 2-hour treatment as well. 
Overdrying probably caused the low cold-test with the 24-hour treatment 
rather than the exposure time itself. Overdrying is known to reduce 
cold test performance more than standard germination. Imbibition of 
embryos was probably very rapid and may have caused imbibitional 
chilling. Rapid imbibition has caused injury in other species (Chen et 
al., 1983) and possibly in com (Livingston, 1952). 
Why did the 50 C drying of excised embryos at an incredibly high 
drying rate not reduce standard germination? It has to be emphasized 
that the high drying rates during 50 C drying of shelled samples have 
proved to be quite detrimental. One theory may be that excised embryos 
dry before injury can occur. As was reported by Levitt (1980), 
desiccation greatly increases the thermostability of proteins. Another 
theory would be that the endosperm is the site of drying injury rather 
than the embryo. This theory has been proved wrong by Seyedin et al. 
(1984). They removed the endosperm from drying injured and noninjured 
seed and they incubated the embryos on media. Drying injury was 
evident on the cultured embryos. More research would be required to 
explain the high drying tolerance of excised embryos. 
Drying at 50 C increased the shoot growth on embryos and reduced 
the root growth compared with drying at 35 C. The shoot to root ratio 
averaged 2.55 with 35 C drying and 4.83 and 5.83 with the 50 C 
treatments. We found in the study in which ears were dried in 2 phases 
at 50 and 35 C, that shoot to root ratios increased with high 
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temperature drying. This trend was very unstable during the drying of 
shelled seed. It seems unlikely that the 50 C treatment increased the 
shoot growth in a direct manner. An indirect mechanism is more 
plausible. If radicals are injured more than plumules, shoots can grow 
relatively more vigorously because a smaller amount of the very limited 
reserves in the embryos is diverted to the roots. The change in shoot 
to root ratio provides evidence that radicles are more susceptible to 
50 C drying than are plumules. Cal and Obendorf (1972) observed that 
radicles were frequently aborted after an imbibitional chilling 
treatment. Embryos in our experiment exhibited a reduced root growth 
even when they were not overdried. The excessive drying rates may have 
damaged radicle primordia. 
Conductivity Test 
Mean conductivity values obtained after 24 hours of soaking 
correlated better with germination and cold-test results than values 
obtained after 6 and 12 hours of soaking. The increase in conductivity 
2 between 6 and 12 hours of soaking correlated better resulting in R 
values between 0.28 and 0.79. This indicates that all seeds 
independent of seed quality leak electrolytes during an initial soaking 
period. Membranes are rearranged during imbibition and regain 
semipermeable characteristics as suggested by Simon and Mills (1983). 
Injured membranes however continue to leak. 
Seyedin et al. (1984) reported that electrolyte and sugar leakage 
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was significantly increased after high temperature drying. This 
Indicates that membrane injury occurred. By determining the 
relationship between conductivity and germination values, we wanted to 
evaluate the importance of membranes in drying injury and to test 
whether drying injury is predictable from conductivity values. 
Results from this experiment show that the mean conductivity of 
seed lots as well as the percentage of seeds with a conductivity 
reading below a certain value have some potential in predicting drying -
Injury. Correlations between conductivity and germination values were 
significant. This significance can be seen In Figures 21-23. However, 
reliable predictions were impossible except for Mol7. When the mean 
conductivity or the Increase in conductivity between 6 and 24 hours was 
used, we could define a threshold above which most seed lots of Mo 17 
exhibited over 90% standard germination and below which germination was 
depressed (Figure 23). Defining such a threshold was less accurate for 
B73 and Impossible for A632. The only consistent prediction for B73 
and A632 was that of poor seed quality when a certain conductivity 
threshold was passed. Predicting good seed quality was inaccurate for 
these two inbreds, especially for A632. Even though all poor seed 
samples showed high conductivity, many lots with high germination also 
showed high conductivity. We conclude that either conductivity values 
are affected by factors other than membrane Injury, or that seeds can 
be quite viable even with membrane Injury. The integrity of the 
pericarp could also affect the conductivity. Because ears were 
carefully harvested and shelled by hand, this factor is not likely to 
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explain the poor relationship between conductivity and germination for 
A632 and B73. Membranes as well as other parts and functions of the 
seed appear to be disrupted by high temperature drying. Injuries that 
are not related to membranes appear to play a greater role in drying 
damage of A632 and in B73, whereas membrane injury seems to be more 
important for Mol7. This would explain why conductivity values alone 
are not a reliable measure of seed quality for A632 and B73. 
The correlation between conductivity and cold-test results 
averaged slightly lower than the correlation between conductivity and 
standard germination. Figures 18-20 show that prediction of high 
standard germination from the conductivity values would be more 
accurate than prediction of cold test germination. This is a 
surprising result. It was generally assumed that low cold-test values 
are partly caused by membrane injury and imbibitional chilling. 
Questioning the methods used in this experiment lead to a reasonable 
explanation for the low predictability of the cold-test result. Seed 
samples in the conductivity test were soaked at 20 C. This temperature 
is closer to the 25 C used in the standard germination test than to the 
10 C in the cold test. Correlation between conductivity values 
determined at 10 C and the cold-test values might have resulted in a 
higher correlation. A conductivity test run at 10 C would also examine 
whether conductivity actually increases compared with test results at 
20 C as an expression of imbibitional chilling. 
Some evidence that imbibitional chilling plays a significant role 
in the cold-test depression due to drying injury was found by Cal and 
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Obendorf (1972). They obtained a significant reduction in seedling 
growth when seed of 6% moisture were incubated at 5 C for only one day. 
The cold injury appeared to occur during imbibition. 
Steere et al. (1981) demonstrated that the conductivity test used 
in our experiment can be a valuable tool to predict germination of 
soybeans, bushbeans, and cotton seed. McDonald and Wilson (1979) found 
this test was not reliable to evaluate soybean lots of intermediate 
quality. Waters and Blanchette (1983) could predict field emergence of 
sweet com with comparable accuracy from either cold test or 
conductivity values. Our prediction of drying Injury in seed com was 
poorer either because this test is not sensitive enough for field corn 
in general or because of the kind of damage. 
A more direct comparison of conductivity and viability of 
individual seeds was possible, when drying injured seed samples were 
first used in a conductivity test and subsequently planted in a 
germination test. With all seed parents, the percentage of dead seeds 
increased with increasing conductivity. It was not possible to define 
a limit above which seeds are viable and below which they are dead. By 
placing such a limit at 50 microamperes for A632 and 70 microamperes 
for B73 and Mol7, we would have been right for 66%, 81%, and 77% of the 
single seeds from A632, B73, and Mol7, respectively. Viability of A632 
was least predictable as most seeds showed a low current within a 
narrow range. The fact that seedling lengths changed little over a 
wide range of conductivity indicates that conductivity is not closely 
correlated with seedling vigor. These results support previous 
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proposals saying that membrane disruption is only one of several 
factors responsible for drying damage. 
Seed and Cob Temperature During Drying 
Seed temperature with on-ear drying at 50 C (air temperature) rose 
to 45 C in only 2 hours of drying. Evaporative cooling caused the 
temperature to increase slowly after that initial heat up time. It was 
only after 45 hours that the temperature reached 49 C. Why did 50 C 
drying not damage high moisture seed during the initial 4-15 hours as 
indicated in an earlier experiment (Figure 2)? Navratil and Burris 
(1984) report air temperature limits for safe drying of ears harvested 
at 45% moisture to be 40 C for A632 and B73 and 35 C for Mo 17. Seed 
temperature limits would be even lower because of evaporative cooling. 
We conclude that evappration did not provide enough cooling to the seed 
in our experiment to explain the injury lag during initial 50 C drying. 
The next best explanation for the injury lag is used for many 
deterioration processes: injury occurs in small increments that 
accumulate and finally cause death of a seed. Even though minor injury 
may have occurred, enough viable cells were left to keep the seed alive 
when it was exposed to 50 C for a relatively short period only. 
Shelled seeds were heated up significantly faster during 50 C 
drying than did seeds that were dried on the ear. The rapid heat up 
and high drying rates are both factors that may have caused the drying 
injury to be greater with shelled than with unshelled samples. 
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Seed temperatures in a deep-bed system are greatly different from 
the temperatures recorded in this experiment. Less air is moved per 
unit volume of ears allowing for more evaporative cooling. Ears 
positioned farther away from the air entrance gate would experience the 
lowest temperature (Burris and Navra til, 1980). 
The Preconditioning Effect 
Initial low-temperature drying (preconditioning) rendered high 
moisture seed tolerant to subsequent high-temperature drying. We know 
from the conductivity test that membranes loose their integrity during 
high temperature drying, but that this is not likely to be the only 
cause of drying Injury. Significant evidence is presented in the 
literature that protein denaturatlon is Involved in heat stress of 
plants (Levitt, 1980). As proteins become more heat tolerant with 
lower moisture content, the preconditioning effect may allow seeds to 
reach a low enough moisture to be thermostable. 
Embryos dried little during the initial 35 C phase, which makes 
the previous explanation less plausible but does not exclude it. The 
preconditioning at different temperatures and humidities showed that 
drying was required to gain a full hardening effect. A greater amount 
of moisture loss was required for the effect when drying proceeded more 
rapidly, as was also demonstrated with drying of shelled-seed. 
However, less moisture loss was required to gain tolerance to 50 C with 
35 C-preconditionlng than with field drying. Preconditioning at 35 C 
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may have produced more embryo drying than does field drying. Moisture 
values at harvest 1 and 2 (Tables A1 and A2} show that rather the 
contrary was the case. The relative moisture loss of embryos compared 
with that of seeds was smaller during preconditioning than during field 
drying. The attachment of the ears on the plant or environmental 
conditions in the field slow the hardening process down compared with 
drying at 35 C. Physiological factors other than moisture content are 
important criteria of high temperature drying tolerance. Investigating 
such factors may help to understand why drying susceptibility of an 
inbred line changes over years. 
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SUMMARY AND CONCLUSIONS 
Ears of corn from the seed parents A632, B73, and Mol7, harvested 
at ca. 48% and 38% seed moisture, could be safely dried in a thin-layer 
system at 50 C for 4-15 and 18-24 hours, respectively, when they were 
subsequently dried at 35 C. Evaporation did not provide enough cooling 
to the seed to explain the injury lag during initial 50 C drying. 
After the lag, germination dropped linearly with prolonged 50 C drying. 
In several cases damage continued to occur even in the final hours of 
drying. Drying time at 50 C, seed moisture, or embryo moisture after 
50 C drying could be used equally well for prediction of seed quality. 
Initial low-temperature drying (preconditioning) rendered high 
moisture seed tolerant to subsequent high-temperature drying. Ears of 
ca. 48% seed moisture required initial drying at 35 C for 23-40 hours 
to 30-39% seed moisture to gain tolerance. Embryo moisture declined 0-
10% during the preconditioning at 35 C. An earlier study with the same 
inbreds showed that a similar level of tolerance to 50 C drying was 
obtained by field drying to ca. 20-25% seed moisture. Preconditioning 
appears to accelerate a maturation process that normally occurs in the 
field. This result offers an opportunity for more effective seed com 
drying and a challenge to explain drying tolerance. Moderate drying at 
20 or 35 C resulted in more rapid and complete hardening of ear samples 
than storage at slow- or non-drying conditions. Longer preconditioning 
was required for high cold-test values than for high standard 
germination values. 
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Shelled seed samples could be safely dried at 35 C though samples 
dried more rapidly than with drying on the ear at 50 C. Injury at 35 C 
occurred only with shelled samples from Mol7. This inbred was more 
susceptible to high drying rates than A632 and B73. However, seed of 
all 3 inbreds lost viability during 50 C drying much more rapidly when 
dried as shelled samples than when dried on the ear. These results 
indicate that both temperature and drying rate are factors in drying 
injury. The importance of both of these factors was also demonstrated 
when ear samples were dried at 50 C and different relative humidities. 
The 60% R.H. treatment slowed deterioration but did not inhibit it even 
though drying rates were similar to 35 C drying. Preconditioning 
shelled seed at 35 C to render it tolerant to 50 C was possible and 
required a similar period at 35 C and a greater amount of moisture loss 
compared with ear samples. Both exposure time and moisture loss at a 
moderate temperature of 20-35 C seem to be factors of the mechanism 
that produces 50 C tolerance. 
Excised embryos germinated well in modified warm tests after being 
dried at 22-50 C even though excessive drying rates up to 40% per hour 
were observed. This high degree of drying tolerance suggests that 
embryos dried before injury could occur. However, embryo death in the 
cold test indicates that imbibitional chilling had been increased. 
Correlations between conductivity test values (indicators of 
membrane damage) and germination values were clearly significant. But 
the use of conductivity values to predict germination was not reliable 
except for Mol7. 
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APPENDIX A; TABLES TO "DRYING EARS IN PHASES AT 35 AND 50 C" 
Table Al. Moisture loss and quality of seed dried for 
different lengths of time at 50 C before transfer 
to 35 C; first harvest* 
1983 
Seed 
parent Drying 
/Harv. time 
moist, at 50 C 
(%) (hrs) 
Moisture 
at transfer 
Germination 
Seed 
Standard Cold 
Embryo test test 
(%) (%) (%) 
Seedl. 
dry Shoot 
weight /root 
(mg) ratio 
A632/ 0 48.4 48.1 99.0 99.5 50.7 1.97 
48 6 42.8 95.5 99.5 39.1 3.58 
12 33.5 47.5 76.5 91.5 29.8 4.68 
18 27.8 55.5 69.5 13.7 3.02 
24 17.3 23.2 54.5 46.5 22.1 3.19 
30 14.3 38.0 25.0 18.2 2.92 
36 9.8 9.3 36.5 10.5 19.6 3.58 
B73/ 0 47.4 46.9 98.5 100.0 46.5 2.47 
47 6 44.0 99.5 99.5 43.9 ' 2.45 
12 40.4 51.7 95.5 100.0 38.3 2.95 
18 39.9 94.0 97.0 31.3 4.16 
24 38.4 50.7 88.5 86.0 30.9 5.18 
30 34.8 79.5 83.5 28.5 5.45 
36 25.9 26.5 50.0 47.5 27.5 4.69 
42 23.1 " 49.5 37.0 20.0 4.89 
48 19.2 24.8 67.5 54.5 28.4 4.43 
54 9.9 47.0 37.0 21.5 5.08 
60 16.9 14.1 55.5 39.5 23.3 4.61 
66 10.2 86.5 54.5 32.0 4.37 
Mo 17/ 0 48.5 50.4 100.0 92.5 47.3 2.08 
48 6 43.2 98.0 97.5 48.0 2.38 
12 37.4 51.7 97.5 94.0 45.6 2.43 
18 33.4 87.0 89.5 36.4 2.72 
24 26.4 41.0 90.5 94.5 37.0 2.85 
30 24.0 86.5 75.0 38.1 3.20 
36 15.3 17.5 85.5 61.5 44.4 2.34 
42 23.1 86.0 38.5 35.2 2.51 
48 15.9 16.2 79.0 51.5 32.2 3.11 
54 13.9 71.0 46.5 28.3 3.25 
60 11.2 8.4 89.0 64.5 37.4 2.75 
66 11.4 76.0 42.0 36.2 2.86 
*A11 values are means of 4 replications. 
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Table Al (Continued) 
1984 
Seed 
parent Drying 
/Harvest time 
moisture at 50 C 
(%) (hrs) 
Moisture 
at transfer 
Seed Embryo 
(%) (%) 
Germina tion 
Standard Cold 
test test 
(%) (%) 
A632/ 0 49.5 54.7 99.5 100.0 
49 8 39.8 56.2 100.0 98.0 
16 29.6 47.5 99.5 98.5 
24 22.4 37.8 73.5 65.0 
32 15.5 20.6 74.5 26.5 
40 11.7 13.0 60.5 11.0 
48 9.3 7.3 59.0 14.0 
64 6.9 6.6 45.5 23.0 
B73/ 0 48.3 58.5 96.5 99.0 
48 8 43.5 57.3 100.0 99.5 
16 37.9 54.3 99.0 98.5 
24 31.8 47.1 80.0 81.0 
32 25.5 35.6 57.5 37.5 
40 20.6 24.3 61.5 42.5 
48 16.4 15.9 50.0 19.0 
56 12.1 10.0 33.5 9.5 
64 9.4 8.2 43.5 16.5 
72 9.1 7.1 36.0 6.0 
Mo 17/ 0 47.1 57.1 99.5 98.5 
47 8 42.9 56.5 95.0 96.5 
16 36.9 50.0 64.0 63.5 
24 31.8 45.9 24.0 15.5 
32 25.7 29.6 9.0 4.0 
40 20.8 19.7 6.0 0.0 
48 15.1 13.3 13.0 0.0 
56 10.8 7.2 15.0 1.5 
64 9.9 6.8 23.0 0.0 
72 8.7 5.6 7.0 1.0 
Table Â2. Moisture loss and quality of seed dried for 
different lengths of time at 50 C before transfer 
to 35 C; second harvest* 
1983 
Seed 
parent Drying 
/Harv. time 
moist, at 50 C 
(%) •(hrs) 
Moisture Germination 
at transfer 
Standard Cold 
Seed Embryo test test 
(%) (%) (%) (%) 
Seedl. 
dry Shoot 
weight /root 
(mg)^ ratio 
A632/ 
37 
873/ 
39 
0 36.9 43.0 98.0 99.5 54.4 2.05 
6 30.4 99.5 99.5 51.2 2.27 
12 19.7 28.1 99.0 97.5 47.7 2.40 
18 16.4 99.0 93.5 44.7 2.38 
24 14.8 18.5 93.0 75.5 38.4 2.57 
30 10.4 94.0 78.0 42.6 2.51 
0 39.2 44.9 100.0 99.5 53.7 2.01 
6 37.4 51.0 100.0 100.0 54.3 1.70 
12 28.6 43.4 96.5 96.0 51.2 1.91 
18 27.4 41.6 99.0 98.0 49.6 2.28 
24 26.1 34.7 98.5 95.5 44.9 3.11 
30 22.7 34.5 94.5 89.5 47.8 2.93 
36 15.2 21.5 86.5 78.5 43.5 3.22 
42 14.3 18.1 82.0 59.5 46.2 2.76 
48 13.1 16.1 92.5 76.5 37.4 2.57 
54 10.5 9.8 90.5 57.0 38.1 2.36 
Mo 17/ 0 37.0 48.5 99.5 81.5 61.1 1.94 
37 6 35.4 50.2 99.0 87.0 51.7 1.99 
12 30.2 45.2 99.0 95.0 53.4 1.80 
18 19.2 30.1 97.5 95.5 56.0 1.89 
24 17.8 23.9 97.5 82.5 56.9 1.81 
30 17.2 21.2 97.5 87.5 58.3 1.77 
36 10.7 9.3 90.5 71.0 53.7 2.27 
42 11.4 8.9 93.0 66.0 52.5 2.29 
*All values are means of 4 replications. 
Percent seedlings rated as normal. 
'^Average dry weight of normal seedlings In the standard 
germination test. 
^Ratlo of shoot to root dry weight. 
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Table A2 (Continued) 
1984 
Seed 
moisture Drying 
/Harvest time 
moisture ' at 50 C 
(%) (hrs) 
Moisture 
at transfer 
Seed Embryo 
(%) (%) 
Germination" 
Standard Cold 
test test 
(%) (%) 
A632/ 0 35.1 49.2 99.5 98.5 
35 8 26.6 42.5 100.0 100.0 
16 21.1 34.4 99.5 98.5 
24 16.0 20.3 100.0 99.0 
32 12.1 14.5 98.5 97.0 
40 9.2 7.4 100.0 99.5 
B73/ 0 35.2 48.0 100.0 99.5 
35 8 31.3 44.6 100.0 99.5 
16 27.2 40.5 100.0 100.0 
24 20.8 30.4 98.5 97.5 
32 100.0 92.0 
40 13.7 15.2 99.5 97.0 
48 12.8 12.0 99.5 95.5 
56 9.6 8.3 95.5 77.0 
Mo 17/ 0 32.2 48.0 100.0 99.5 
32 8 25.8 40.0 99.0 99.5 
•16 21.1 31.0 100.0 100.0 
24 15.7 19.9 100.0 100.0 
32 95.5 89.5 
40 10.1 8.3 100.0 96.0 
48 8.7 6.3 97.0 94.5 
56 7.7 6.0 99.5 99.5 
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Table A3. Drying rates of whole seeds and embryos during 50 C drying* 
Drying rate of Drying rate of 
whole seeds (%/hr) embryos (%/hr) 
Drying time (hrs) Drying time (hrs) 
Seed 
Year Harvest^ parent 0-24 24-48 0-48 0-24 24-48 0-48 
1 A632 1.30 - - 1.04 - -
B73 0.38 0.80 0.59 -0.16 1.08 0.46 
Mo 17 0.92 0.44 0.68 0.39 1.03 0.71 
2 A632 0.92 • 1.02 _ 
B73 0.55 0.54 0.54 0.43 0.78 0.60 
Mo 17 0.80 - - 1.03 - -
1 • A632 1.13 0.55 0.84 0.70 1.27 0.99 
B73 0.69 0.64 0. 66 0.48 1.30 0.89 
Mo 17 0.64 0.70 0.67 0.47 1.36 0.91 
2 A632 0.80 1.20 _ _ 
B73 0.60 0.33 0.47 0.73 0.77 0.75 
Mo 17 0.69 0.29 0.49 1.17 0.57 0.87 
*Each drying rate represents the mean hourly moisture loss of 4 
samples with 4 ears per sample. 
^Harvest 1 at ca. 48% seed moisture, harvest 2 at ca. 38% seed 
moisture in 1983 and 32 to 35% in 1984. 
182 
Table A4. Predicted germination of seed dried for different periods 
at 50 C before transfer to 35 C; harvest 1 at ca. 48% seed 
moisture* 
Predicted standard or cold-test germination (%) 
Prediction Seed 
for parent 
Prediction based on drying time at 50 C 
1983 1984 
12 hrs 24 hrs 12 hrs 24 hrs 
Standard A632 78 (7)b 50 (7) 97 (16) 83 (11) 
germ. B73 97 (16) 82 (10) 99 (10) 81 (6) 
(%) Mol7 97 (5) 91 (3) 77 (11) 34 (9) 
Cold-test A632 86 (9) 48 (7) +«: 65 (10) 
germ. B73 100 (15) 81 (10) 105 (15) 75 (9) 
(%) Mol7 + 95 (9) 79 (8) 18 (11) 
Prediction based on seed moisture at transfer 
1983 1984 
40% 30% 40% 30% 
Standard A632 86 (11) 69 (7) + 95 (19) 
germ. B73 87 (11) 73 (9) 100 (10) 77 (6) 
(%) Ho 17 97 (7) 90 (4) 77 (11) 18 (12) 
Cold-test A632 100 (13) 73 (9) + 96 (18) 
germ. B73 87 (13) 68 (9) 105 (14) 69 (8) 
(%) Mo 17 97 (15) 80 (9) 76 (12) 13 (18) 
Prediction based on embryo moisture at transfer 
1983 1984 
40% 30% 40% 30% 
Standard A632 85 (12) 78 (10) 90 (16) 85 (14) 
germ. B73 83 (15) 77 (13) 80 (7) 74 (6) 
(%) Mo 17 94 (6) 92 (5) 11 (23) _c 
Cold-test A632 91 (14) 80 (12) 83 (14) 73 (12) 
germ. B73 80 (15) 73 (13) 72 (8) 64 (7) 
(%) Mo 17 92 (10) 86 (8) 9 (28) -
^Predictions are based on linear regressions (Table 4). 
Sections of the x-axls where germination showed no change were not 
included in the regressions. 
95% confidence limits for mean predicted values are shown in 
parentheses. Expl. 78 (7): 71 = lower limit, 85 = higher limit. 
^Values outside that section of the x-axls which was included 
in the regressions. Values are close to 100 or 0%, respectively. 
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Table Â5. Predicted germination of seed dried for 
different periods at 50 C before transfer 
to 35 C; harvest 2 in 1983 at ca. 38% seed 
moisture* 
Predicted standard or 
cold-test germination (%) 
Prediction based on drying 
time at 50 C 
Prediction Seed 
for parent 12 hrs 24 hrs 
Standard A632 98 (2)b 95 (2) 
germ. B73 98 (4) 95 (3) 
(%) Mol7 98 (2) 96 (2) 
Cold-test A632 98 (7) 82 (5) 
germ. B73 108 (23) 94 (15) 
(%) Mol? 99 (11) 86 (6) 
Prediction based on seed 
moisture at transfer 
25% 10% 
Standard A632 98 (2) 95 (3) 
germ. B73 95 (3) 88 (5) 
(%) Mo 17 97 (2) 94 (3) 
Cold-test A632 104 (13) 76 (8) 
germ. B73 91 (14) 63 (13) 
(%) Mo 17 92 (11) 74 (10) 
Prediction based on embryo 
moisture at transfer 
30% 10% 
Standard A632 • 97 (2) 93 (4) 
germ. B73 94 (3) 88 (5) 
(%) Mo 17 97 (2) 94 (3) 
Cold-test A632 91 (5) 74 (10) 
germ. B73 84 (11) 63 (14) 
(%) Mo 17 87 (7) 75 (8) 
^Predictions are based on linear regressions. 
Sections of the x-axis where germination showed no 
change were not included in the regressions. 
95% confidence limits for mean predicted 
values are shown in parentheses. 
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Table A6. Predicted seedling dry weight for samples that were 
dried for different periods at 50 C before trans­
fer to 35 C; harvest 1 at ca. 48% moisture and 
harvest 2 at ca. 38%; 1983* 
Predicted seedling dry weight (mg) 
Seed 
Prediction based on drying time at 50 C 
Harvest parent 0 hrs 12 hrs 36 hrs 
1 A632 51 (3)b 27 (2) _c 
B73 46 (4) 39 (2) 25 (3) 
Mo 17 48 (3) 44 (2) 36 (2) 
2 A632 55 (3) 47 <2) 32 (5) 
B73 55 (3) 51 (2) 44 (2) 
Mo 17 57 (3) 56 <2) 54 (3) 
Prediction based on seed moisture at transfer 
40% 25% 10% 
1 A632 36 (3) 13 (5) -
B73 36 (3) 24 (4) -
Mo 17 44 (2) 37 <2) 30 (4) 
2 A632 56 (5) 48 (2) 40 (4) 
B73 55 (3) 47 (2) 40 (3) 
Mo 17 56 (4) 56 <2) 55 (3) 
Prediction based on embryo moisture at transfer 
40% 25% 10% 
1 A632 26 (52) 
B73 34 (5) 29 (10) 24 (16) 
Mo 17 41 (3) 35 (4) 30 (7) 
2 A632 53 (4) 44 (3) 35 (6) 
B73 50 (2) 44 (2) 39 (3) 
Mo 17 55 (2) 55 <2) 55 (3) 
^Predictions are based on linear regressions. Sections of 
the x-axis where seedling dry weight showed no change were not 
included in the regression. 
^95% confidence limits for mean predicted values are shown 
in parentheses. Expl. 51 (3): 48 = lower limit, 54 = higher limit. 
Values outside the section of the x-axis included in 
regressions. Values are close to 0%. 
Table A7. Moisture loss and quality of seed dried for 
different lengths of time at 35 C before transfer 
to 50 C ; first harvest^ 
1983 
Seed Moisture Germination^ 
parent Drying at transfer Seedl. 
/Harv. time Standard Cold dry Shoot 
moist. at 35 C Seed Embryo test test weight / root 
(%) (hrs) (%) (%) (%) (%) (mg)^ ratio' 
A632/ 0 48.4 48.1 36.5 10.5 19.6 3.58 
48 12 42.8 81.5 47.0 23.5 3.34 
24 36.7 47.0 97.5 90.5 45.1 2.93 
36 32.7 99.5 97.5 46.4 2.44 
48 28.5 42.6 98.0 98.0 51.2 2.52 
60 25.1 99.0 96.5 43.4 2.62 
72 16.0 17.4 99.5 99.0 49.1 2.04 
84 13.4 12.2 99.0 99.5 50.7 1.97 
B73/ 0 47.4 46.9 69.0 29.0 28.1 4.68 
47 12 43.0 96.0 62.0 29.8 3.77 
24 40.3 50.3 91.0 74.0 39.4 2.87 
36 35.3 92.5 84.0 45.8 2.71 
48 33.2 45.2 97.0 95.5 44.5 2.35 
60 28.7 97.5 100.0 41.1 2.31 . 
72 28.0 41.6 100.0 99.0 48.0 2.10 
84 25.0 100.0 100.0 51.5 1.97 
96 22.6 24.7 99.0 99.5 45.7 2.41 
108 20.4 99.0 99.5 47.6 2.36 
120 14.6 12.9 98.5 100.0 46.5 2.47 
Mo 17/ 0 48.5 50.4 74.5 33.5 32.8 3.06 
48 12 42.6 90.0 66.0 39.4 2.55 
24 35.9 47.9 97.0 77.0 39.4 2.05 
36 32.8 96.5 87.0 39.7 2.13 
48 33.1 45.9 97.5 91.0 41.1 2.00 
60 27.7 98.5 96.5 44.3 2.20 
72 23.8 28.3 97.5 97.0 47.3 2.33 
84 21.0 99.0 90.0 47.5 2.08 
96 14.5 12.2 98.5 96.5 52.3 1.98 
*A11 values are means of 4 replications. 
Percent seedlings rated as normal. 
Average dry weight of normal seedlings in the standard 
germination test. 
^Ratio of shoot to root dry weight. 
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Table A7 (Continued) 
1984 
Seed 
parent Drying 
/Harvest time 
moisture at 35 C 
(%) (hrs) 
Moisture 
at transfer 
Seed 
(%) 
Embryo 
(%) 
Germination 
Standard Cold 
test test 
(%) (%) 
A632/ 0 49.5 
49 8 44.8 
16 38.9 
24 34.7 
32 29.9 
40 25.8 
64 17.2 
88 10.5 
112 9.1 
B73/ 0 48.3 
48 8 44.7 
16 41.3 
24 39.6 
32 35.1 
40 34.6 
64 24.8 
88 20.1  
112 12.6 
136 10.9 
Mol7/ 0 47.1 
47 8 43.4 
16 41.5 
24 38.4 
32 34.6 
40 28.7 
64 23.6 
88 16.8 
112 12.7 
136 10.5 
54.7 60.5 11.0 
58.1 84.0 20.0 
55.4 97.5 45.5 
52.1 100.0 85.5 
47.6 99.5 99.0 
41.8 99.0 99.5 
23.3 100.0 99.5 
7.5 99.5 100.0 
7.2 99.5 100.0 
58.5 33.5 9.5 
57.3 72.5 38.0 
55.7 92.5 72.0 
54.5 99.0 90.0 
51.2 99.0 95.0 
48.3 99.0 98.0 
36.2 99.0 99.0 
25.5 98.5 99.0 
10.2 96.5 99.0 
9.5 100.0 99.5 
57.1 13.0 0.0 
55.6 64.0 12.5 
54.2 86.5 28.5 
52.8 91.0 42.0 
49.5 99.5 81.5 
40.4 98.5 91.0 
29.0 100.0 98.5 
19.3 100.0 99.0 
11.0 99.5 98.5 
9.0 100.0 100.0 
Table A8. Moisture loss and quality of seed dried for 
different lengths of time at 35 C before transfer 
to 50 C; second harvest^ 
1983 
Seed 
parent Drying 
/Harv. time 
moist, at 35 C 
(%) .(hrs) 
Moisture Germination 
at transfer 
Standard Cold 
Seed Embryo test test 
(%) (%) (%) (%) 
Seedl. 
dry Shoot 
weight /root 
(mg)^ ratio 
A632/ 0 36.9 43.0 94.0 78.0 42.6 2.51 
37 12 26.7 99.5 96.0 57.9 2.59 
24 26.9 36.9 98.5 98.5 52.5 2.73 
36 18.4 27.3 100.0 100.0 53.9 2.64 
48 19.7 25.5 98.5 99.5 55.0 2.72 
60 16.2 19.7 100.0 100.0 56.6 2.56 
72 15.9 18.2 98.0 99.5 54.4 2.05 
873/ 0 39.2 44.9 90.5 57.0 38.1 2.36 
39 12 37.0 48.1 97.0 89.0 46.2 2.22 
24 30.2 45.3 100.0 96.5 47.5 2.19 
36 27.6 41.2 100.0 99.0 49.3 2.09 
48 21.0 23.3 99.5 99.0 52.6 2.01 
60 20.6 28.5 100.0 99.5 54.6 1.84 
72 19.4 27.3 100.0 99.5 53.7 2.01 
Mol7/ 0 37.0 48.5 93.0 66.0 52.5 2.29 
37 12 33.2 45.5 77.0 73.0 44.2 2.66 
24 29.2 41.7 98.5 81.0 55.6 1.43 
36 26.9 41.5 99.0 95.0 62.2 1.37 
48 26.9 40.3 99.0 95.0 57.3 1.56 
60 17.2 21.0 99.5 96.0 54.2 1.95 
72 13.5 13.2 99.5 81.5 61.1 1.94 
*A11 values are means of 4 replications. 
Percent seedlings rated as normal. 
'^Average dry weight of normal seedlings in the standard 
germination test. 
^Ratio of shoot to root dry weight. 
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Table Â8 (Continued) 
1984 
Seed 
parent 
/Harvest 
moisture. 
(%) 
Drying 
time 
at 35 C 
(hrs) 
Moisture 
at transfer 
Seed Embryo 
(%) (%) 
Germination 
Standard Cold 
test test 
(%) (%) 
A632/ 0 35.1 49.2 98.5 97.0 
35 8 31.3 45.5 99.5 98.0 
16 25.6 40.4 99.5 100.0 
24 22.7 37.8 98.0 99.5 
32 21.4 32.9 99.5 99.5 
40 17.5 23.0 98.5 100.0 
64 12.8 13.5 99.5 98.5 
88 11.6 10.0 99.0 99.5 
B73/ 0 35.2 48.0 99.5 95.5 
35 8 32.5 46.0 99.0 97.0 
16 31.2 44.2 99.5 99.0 
24 28.0 41.1 100.0 97.5 
32 100.0 98.0 
40 22.7 33.0 99.5 99.0 
64 21.2 27.0 100.0 99.5 
88 16.7 18.4 100.0 100.0 
112 11.4 100.0 99.5 
Mo 17/ 0 32.2 48.0 100.0 96.0 
32 8 . 27.3 41.3 99.5 96.0 
16 27.2 42.5 99.0 93.0 
24 23.4 32.9 99.5 99.0 
32 100.0 100.0 
40 18.5 20.3 100.0 99.5 
64 14.2 11.7 100.0 100.0 
88 11.2 9.1 100.0 99.5 
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Table A9. Drying rates of whole seeds and embryos during 35 C drying^ 
Drying rate of 
whole seeds (%/hr) 
Drying rate of 
embryos (%/hr) 
Drying time (hrs) Drying time (hrs) 
Year Harvest^ 
Seed 
parent 0-24 24-72 0-72 0-24 24-72 0-72 
1983 1 A632 
B73 
Mo 17 
0.49 
0.30 
0.53 
0.43 
0.26 
0.25 
0.45 
0.27 
0.34 
0.05 
-0.14 
0.10 
0.62 
0.18 
0.41 
0.43 
0.07 
0.31 
2 A632 
B73 
Mo 17 
0.42 
0.38 
0.33 
0.23 
0.23 
0.33 
0.29 
0.28 
0.33 
0.25 
-0.02 
0. 28 
0.39 
0.38 
0.59 
0.34 
0.24 
0.49 
1984 1 A632 
B73 
Mo 17 
0.62 
0.36 
0.36 
0.41 
0.34 
0.36 
0.48 
0.35 
0.36 
0.11 
0.17 
0.18 
0.71 
0.46 
0.56 
0.51 
0.36 
0.43 
2 A632 
B73 
Mo 17 
0.52 
0.30 
0.37 
0.21 
0.17 
0.21 
0.32 
0.22 
0.26 
0.48 
0.29 
0.63 
0.53 
0.35 
0.46 
0.51 
0.33 
0.52 
*Each drying rate represents the mean hourly moisture loss of 4 
samples with 4 ears per sample. 
^Harvest 1 at ca. 48% seed moisture, harvest 2 at ca. 38% seed 
moisture in 1983 and 32 to 35% in 1984. 
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Table AlO. Predicted germination of seed dried for different periods 
periods at 35 C before transfer to 50 C; harvest 1 at 
ca. 48% seed moisture* 
Predicted standard or cold-test germination (%) 
Prediction based on drying time at 35 C 
Prediction Seed 1983 1984 
for parent 24 hrs 36 hrs 24 hrs 36 hrs 
Standard A632 102 (13)b +c + + 
germ. B73 96 (12) 107 (20) 107 (14) + 
(%) Mo 17 98 (12) + 102 (16) + 
Cold-test A632 77 (9) 107 (14) 76 (8) + 
germ. B73 69 (6) 84 (7) 94 (14) + 
(%) Mo 17 71 (7) 84 (8) 52 (6) 81 (9) 
Prediction based on seed moisture at transfer 
1983 1984 
35% 30% 35% 30% 
Standard A632 + + + + 
germ. B73 100 (11) 108 (18) + + 
(%) Mo 17 100 (13) 108 (19) + + 
Cold-test A632 + + 74 (7) 102 (10) 
germ. B73 92 (10) + + + 
(%) - Mol7 84 (8) 100 (11) 63 (9) 88 (13) 
Prediction based on embryo moisture at transfer 
1983 1984 
55% 50% 
Standard A632 Regressions 86 (11) 94 (24) 
germ. B73 not 86 ( 1 6 )  + 
(%) Mo 17 significant 62 (11) + 
Cold-test A632 50 (9) 86 (10) 
germ. B73 71 (13) + 
(%) Mol7 22 (8) 64 (11) 
^Predictions are based on linear regressions. Sections of the 
x-axis where germination showed no change were not included in the 
regressions. 
95% confidence limits for mean predicted values are shown in 
parentheses. Expl. 60 (7): 53 = lower limit, 67 = higher limit. 
Values outside that section of the x-axis which was included in 
the regression. Values are close to 100%. 
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Table All. Predicted germination of seed dried for 
different periods at 35 C before trans-
fer to 50 C; harvest 2 in 1983 at ca. 
38% seed moisture* 
Predicted standard or 
cold-test germination (%) 
Prediction . based i on 
drying time at 35 C 
Prediction Seed 
for parent 12 hrs 24 hrs 
Standard A632 97 (2)t 98 (2) 
germ. B73 96 (3) 101 (4) 
(%) Mol7 90 (6) 93 (5) 
Cold-test A632 91 (5) 101 (7) 
germ. B73 81 (5) 101 (9) 
(%) Mo 17 74 (11) 82 (10) 
Prediction based on seed 
moisture at transfer 
35% 30% 
Standard A632 96 (2) 97 (2) 
germ. B73 96 (3) 101 (4) 
(%) Mo 17 90 (6) 93 (5) 
Cold-test A632 84 (6) 91 (5) 
germ. B73 82 (9) 98 (15) 
(%) Mol7 70 (13) 85 (10) 
^Predictions are based on linear regressions. 
Sections of the x-axis where germination showed no 
change were not included in the regressions. 
^95% confidence limits for mean predicted 
values are shown in parentheses. Expl. 97 (2): 
95 = lower limit, 99 = higher limit. 
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Table A12. Predicted seedling dry weight for samples that were 
dried for different periods at 35 C before transfer 
to 50 C5 harvest 1 at ca. 48% moisture and harvest 2 
at ca. 38% in 1983* 
Predicted seedling dry weight (mg) 
Prediction based on drying time at 35 C 
Seed 
Harvest parent 0 hrs 24 hrs 48 hrs 
1 A632 18 (6)b 39 (4) 
B73 29 (5) 37 (3) 45 (4) 
Mo 17 34 (3) 39 (2) 43 (2) 
2 A632 49 (4) 52 (3) 55 (3) 
B73 41 (3) 47 (2) 52 (2) 
Mo 17 50 (5) 54 (3) 57 (3) 
Prediction based on seed moisture at transfer 
48% 40% 30% 
1 A632 20 (6) 34 (4) 51 (7) 
• B73 27 (5) 37 (3) 50 (5) 
Mol7 34 (3) 38 (2) 43 (2) 
2 A632 _c 45 (5) 50 (2) 
B73 - 41 (3) 48 (2) 
Mo 17 - 50 (5) 54 (3) 
Prediction based on embryo moisture at transfer 
48% 40% 30% 
1 A632 32 (13) 45 (39) + 
B73 38 (6) 37 (15) 35 (30) 
Mo 17 38 (3) 41 (2) 45 (3) 
2 A632 48 (3) 52 (2) 
B73 - 47 (2) 51 (3) 
Mo 17 - 55 (3) 56 (3) 
^Predictions are based on linear regressions. Sections of 
the x-axis where seedling dry weight showed no change were not 
included in the regression. 
95% confidence limits for mean predicted values are shown 
in parentheses. Expl. 60 (7): 53 = lower limit, 67 = higher limit. 
and - represent values outside the section of the x-axis 
included in regressions. Values are close to 100 or 0%, respec­
tively. 
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Table A13. Correlation between drying time at 35 C and moisture 
content of whole seeds and embryos 
Correlation coefficients (R) 
for linear regressions^ 
Harvest Year Inbred SM x DT^ EM x DT*^ SM x EM 
83 A632 -0.94 -0.84 0.88 
B73 -0.94 -0.55 0.64 
Mo 17 -0.92 -0.79 0.83 
84 A632 -0.98 -0.93 0.89 
B73 -0.98 -0.95 0.95 
Mo 17 -0.97 -0.93 0.95 
83 A632 -0.85 -0.86 0.93 
B73 -0.91 -0.78 0.90 
Mol7 -0.93 -0.85 0.96 
84 A632 -0.95 -0.96 0.96 
B73 -0.91 -0.95 0.97 
Mo 17 -0.96 -0.96 0.98 
^Data between 0 and 72 hours of drying were included in the 
regressions. 
^SM = Seed moisture (%), DT = Drying time (hrs). 
^EN = Embryo moisture (%). 
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Table A14. Correlation between drying time at 50 C and moisture 
content of whole seeds and embryos 
Correlation coefficients (R) 
for linear regressions^ 
Harvest Year Inbred SM x DT^ EM x DT^ SM x EM 
83 A632 -0.98 -0.94 0.93 
B73 -0.89 -0.79 0.88 
Mo 17 -0.89 -0.90 0.91 
84 A632 -0.97 -0.96 0.93 
B73 -0.99 -0.96 0.96 
Mo 17 -0.97 -0.95 0.97 
83 A632 -0.92 -0.94 0.96 
B73 -0.94 -0.91 0.94 
Mol7 -0.93 -0.92 0.96 
84 A632 -0.97 -0.97 0.98 
B73 -0.97 -0.98 0.98 
Mo 17 -0.96 -0.97 0.99 
^Data between 0 and 48 hours of drying were included in the 
regressions. 
^SM = Seed moisture (%), DT = Drying time (hrs). 
^EM = Embryo moisture (%). 
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Table A15. Seed drying rate of Mol7 harvested at 47% seed moisture 
and dried in 3 phases at 35, 50, and 35 C 
Initial Interval at 50 C (hrs) 
time 
Measure­ at 35 C 
ment (hrs) 8 16 24 32 Meai 
Drying 8 0.45* 0.40 0.47 0.41 0.43 
rate at 16 0.38 0.41 0.40 0.41 0.40 
35 C 24 0.47 0.41 0.33 0.41 0.41 
until 32 0.35 0.39 0.37 0.34 0.36 
first 40 0.37 0.35 0.37 0.39 0.37 
transfer 
(%/hr) Mean . 0.41% 0.39 0.39 0.39 0.39 
Drying 8 0.64 0.83 0.79 0.74 0.75 
rate 16 0.86 0.82 0.68 0.77 0.78 
during 24 0.69 0.80 0.72 0.62 0.71 
50 C 32 0.65 0.54 0.67 0.69 0.64 
intervall 40 0.62 0.52 0.49 0.58 0.55 
(%/hr) 
Mean 0.69 0.70 0.67 0.68 0.69 
®Values are means of 4 replications. 
^Values are means of 5 x 4 replications. 
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Table A16. Seed drying rate of Mol7 harvested at 47% seed moisture 
and dried in 3 phases at 50, 35, and 50 C 
Measure­
ment 
Initial 
time 
at 50 C 
(hrs) 
Interval at 35 C (hrs) 
8 16 24 32 Mean 
Drying 8 0.54® 0.55 0.46 0.35 0.47 
rate at 16 0.53 0.56 0.56 0.48 0.53 
50 C until 32 0.58 0.54 0.57 0.48 0.54 
first 40 0. 66 0.59 0.65 0.72 0. 66 
transfer 
(%/hr) Mean 0.58^ 0.56 0.56 0.51 0.55 
Drying 8 0.47 0.53 0.43 0.48 0.48 
rate 16 0.51 0.49 0.47 0.41 0.47 
during 32 0.23 0.24 0.29 0.38 0.28 
35 C 40 0.26 0.21 0.21 0.15 0.21 
interval 
(%/hr) Mean 0.37 0.37 0.35 0.35 0.36 
^Values are means of 4 replications. 
^Values are means of 4 x 4 replications. 
197 
Table A17. Correlation between drying variables for 3-phase drying 
experiment 
Correlation coefficients (R) 
Variable 2 
Sequence of 
drying phases Variable 1 T2* SMlb 
35/50/35 C Tid 0.00 -0.94 -0.24 
T2 0.03 0.91 
SMl 0.30 
50/35/50 C T1 0.00 -0.96 -0.52 
T2 -0.02 0.72 
SMl 0.59 
^Duration of second drying interval (hours). 
''Seed moisture after first drying interval (%) 
*^Moisture loss during second drying interval (%). 
^Duration of first drying interval (hours). 
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Table Bl. Analysis of variance for seed quality after drying of shelled 
and ear com at 35, 42, and 50 C* 
Mean squares 
Source of 
variation d.f. 
Standard 
germina tion 
Germination 
in 
cold test 
Seedling 
dry 
weight 
Shoot/ 
root 
ratio 
Seed parent 
X harvest 
combina tion 
8 
(SH)b 
2085** 1909 1232** 5.99** 
Drying 
temperature 
(DT) 
2 78270** 141697** 7346** 20.70** 
SH X DT 16 1618** 621** 167* 1.26** 
Replication 
block 
3 413 50 55 0.12 
Error A 78 222.0 163.8 84.8 0.109 
Ear/shelled 
(ES) 
1 8174** 12369** 3938** 3.29** 
SH X ES 8 509** 731** 214** 1.08** 
DT X ES 2 6140** 3964** 913** 4.84** 
SH X DT X ES 16 498** 567** 112** 0.40** 
Error B 81 105.2 59.4 22.3 0.063 
^Only 1985 data were included in the analysis so as to get a 
balanced design. 
^Each harvest of each seed parent is considered a separate 
treatment. 
*, **Significant at the 0.05 and 0.01 level, respectively. 
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Table B2. Analysis of variance for quality of seed when dried as 
shelled and ear com for different lengths of time at 50 C 
before transfer to 35 C; results of 1984 
Mean squares 
Cold - Seedling Shoot/ 
Source of Standard test dry root 
variation df germlna tlon germ. weight ratio 
Seed parent (SP) 1 121* I860*** 1086*** 0.330 
Time at 50 C (T) 3 95** 970*** 214*** 0.354 
SP X T 3 66* 970*** 149 0.391 
Replication block 3 35 112 24 0.081 
Error A 21 19 80 49 0.137 
Ear/shelied (ES) 1 169** 2373*** 1825*** 2.355*** 
SP X ES 1 156* 1670*** 297* 0.237*** 
T X ES 3 120** 899*** 119* 0.425*** 
SP X T X ES 3 61 890*** 78 0.151*** 
Error B 24 21 79 38 0.012 
*, **, ***Slgnlfleant at the 0.05, 0.01, and 0.001 level, 
respectively. 
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Table B3. Analysis of variance for quality of seed when dried as 
shelled and ear com for different lengths of time at 50 C 
before transfer to 35 C; results of 1985* 
Mean squares 
Cold- Seedling Shoot/ 
Source of Standard test dry root 
variation df germination germ. weight" ratio^ 
Harvest (H) 1 815* 1059* 118 0.59 
Seed parent (S) 2 14433*** 7142*** 19 7.34*** 
H X SP 2 8276*** 3326*** 601** 0.22 
Time at 50 C (T) 4 20373*** 27126*** 1285*** 0.72* 
H X T 4 134 36 99 0.21 
SP X T 8 973*** 158 110 0.26 
H X SP X T 8 998*** 505** 170 0.10 
Replie, block 3 406* 267 68 0.30 
Error A 87 142 178 91 0.27 
Ear/Shelled (ES) 1 165078*** 210139*** 
H X ES 1 7588*** 1946*** 
SP X ES 2 5542*** 346 
H X SP X ES 2 2034*** 789** 
T X ES 4 10864*** 13577*** 
H X T X ES 4 756*** 475** 
SP X T X ES 8 1041*** 549*** 
H X SP X T X ES 8 341* 409** 
Error B 90 138 143 
*The data for 48 hours initial drying at 50 C were not included 
in the analysis so as to obtain a balanced design. 
^Only on-ear drying was Included in analysis of seedling growth 
because of missing data. 
*, **, ***Signifleant at the 0.05, 0.01, and 0.001 level. 
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Table B4. Analysis of variance for quality of seed when dried as 
shelled and ear com for different lengths of time at 35 C 
before transfer to 50 C; results of 1984 
Mean squares 
Cold- Seedling Shoot/ 
Source of Standard test dry root 
variation df germlna tion germ. weight ratio 
Seed parent (SP) 1 23 426+ 703** 0.068 
Time at 35 C (T) 3 2 166 359** 0.950*** 
SP X T 3 2 126 43 0.225 
Replication block 3 8 113 17 0.026 
Error A 21 12 127 51 0.095 
Ear/shelled (ES) 1 0 464+ 303* 0.000 
SP X ES 1 8 572* 267* O
 
o
 
T X ES 3 8 220 119+ 0.342*** 
SP X T X ES 3 10 134 23 0.171* 
Error B 24 8 123 50 0.056 
+> *» **> ***Slgnlfleant at the 0.1, 0.05, 0.01, and 0.001 
level respectively. 
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Table B5. Analysis of variance for quality of seed when dried as 
shelled and ear com for different lengths of time at 35 C 
before transfer to 50 C; results of 1985* 
Mean squares Mean squares^ 
Source of 
variation df 
Standard 
germination 
Cold-test 
germination df 
Seedling 
dry 
weight 
Shoot/ 
root 
ratio 
Harvest (H) 1 1696** 418 1 1058*** 1.15* 
Seed Parent (SP) 2 8297*** 23667*** 2 396*** 4.25*** 
H X SP 2 901** 457 2 52 0.48 
Time at 35 C (T) 4 27796*** 59724*** 2 409*** 0.32 
H X T 4 381 183 2 40 0.89* 
SP X T 8 1736*** 829* 4 78 0.19 
H X SP X T 8 1087*** 479 4 26 0.23 
Replie, block 3 149 206 3 89 0.10 
Error A 87 167 405 51 33 0.18 
Ear Shelled (ES) 1 16202*** 6658*** 1 1165*** 1.68*** 
H X ES 1 1938*** 351 1 60 1.15*** 
SP X ES 2 376 189 2 43 0.00 
H X SF X ES 2 96 462 2 50 0.05 
T X ES 4 4339*** 624*** 2 24 0.08 
H X T X ES 4 259 193 2 22 0.06 
SP X T X ES 8 558*** 663*** 4 85 0.06 
H X SP X T X ES 8 294* 266 4 110* 0.42* 
Error B 90 126 168 54 42 0.13 
*The data for 4 hours initial drying at 35 C were not included 
in the analysis so as to obtain a balanced design. 
^Only treatments with more than 8 hours initial drying at 35 C 
were included in the analysis of seedling growth because of missing 
data. 
*, **, ***Significant at the 0.05, 0.01, and 0.001 level. 
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Table Cl. Predicted seed quality of Mol7 harvested 1984 at ca. 47% 
moisture and dried at 50 C after different preconditioning 
treatments* 
Preconditioning 
Seed Prediction 1 based on 
quality 
Temp. 
Relative preconditioning time 
trait humidity 
in y-axis (c) (%) 0 hrs 24 hrs 48 hrs 72 hrs 
Standard 10 50 14 (22)b 35 (15) 57 (12) 78 (14) 
germination 20 50 56 (13) 71 (11) 86 (10) 101 (14) 
(%) 35 35 59 (20) 74 (14) 90 (13) -
35 50 37 (24) 83 (14) - -
Cold-test 10 50 -1 (24) 20 (17) 40 (13) 61 (16) 
germination 20 50 8 (13) 33 (9) 59 (9) 84 (14) 
(%) 35 35 6 (12) 49 (8) 92 (13) -
35 50 29 (16) 51 (11) 74 (10) 96 (15) 
Prediction based on seed 
moisture after preconditioning 
47% 40% 35% 30% 
Standard 10 50 10 (21) 60 (11) 96 (18) 
germina tion 20 50 62 (13) 90 (12) - -
(%) 35 35 39 (19) 74 (11) 99 (16) -
35 50 31 (21) 82 (12) - -
Cold-test 10 50 -8 (21) 43 (11) 80 (18) . 
germination 20 50 18 (15) 65 (14) 98 (25) -
(%) 35 35 5 (13) 38 (9) 61 (8) 84 (11) 
35 50 20 (15) 52 (9) 74 (9) 96 (12) 
^Predictions are based on linear regressions. Sections of the 
y-axis where seed quality traits showed no change were not included in 
the regressions. Predictions are only presented for treatments with 
significant linear trend and for the range of data included in the 
regressions. 
^95% confidence limits for mean predicted values are shown in 
parentheses. 
Table C2. Predicted seed quality of Mol7 harvested 1985 at ca. 43% 
moisture and dried at 50 C after different preconditioning 
treatments* 
Preconditioning 
Predicted 
seed 
quality 
trait 
Relative 
Temp. humidity 
(C) (%) 
Prediction based on 
preconditioning time (hrs) 
24 48 72 
Standard 10 60 17 (19)b 34 (16) 52 (13) 70 (14) 
germination 10 95 25 (23) 34 (18) 43 (15) 51 (16) 
(%) 20 35 36 (15) 60 (11) 83 (12) 106 (18) 
20 60 37 (16) 59 (9) 80 (11) 102 (17) 
20 95 32 (16) 50 (11) 68 (11) 86 (18) 
35 35 23 (25) 107 (28) - -
35 60 31 (23) 88 (17) - -
35 95 53 (17) 66 (11) 78 (12) 91 (18) 
Cold-test 10 60 -11 (15) 1 (11) 13 (9) 24 (11) 
germination 20 35 -4 (9) 18 (6) 40 (7) 62 (11) 
(%) 20 60 -8 (10) 20 (6) 49 (7) 78 (11) 
20 95 -2 (9) 8 (6) 17 (7) 27 (10) 
35 35 -2 (10) 42 (7) 86 (11) -
35 60 6 (14) 45 (9) 84 (13) -
35 95 4 (11) 18 (8) 31 (8) 45 (13) 
Seedling 10 60 22 (7) 32 (5) 41 (4) 50 (3) 
dry weight 20 35 38 (6) 47 (4) 55 (4) 64 (6) 
(mg) 20 60 38 (9) 47 (6) 56 (5) 65 (8) 
35 35 39 (16) 60 (10) 81 (29) -
35 60 37 (14) 58 (7) 78 (18) -
^Predictions are based on linear regressions. Sections of the 
x-axis where seed quality traits showed no change were not included in 
the regressions. Predictions are only presented for treatments with 
significant linear trend and for the range of data included in the 
regressions. 
^95% confidence limits for mean predicted values are shown in 
parentheses. Expl. 50 (9): 41 = lower limit, 59 = higher limit. 
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Preconditioning 
Predicted 
seed 
quality 
trait 
Temp. 
(C) 
Relative 
humidity 
(%) 
Prediction based on seed moisture 
after preconditioning (%) 
43 40 35 30 
Standard 10 60 26 (29) 50 (18) 91 (31) -
germination 10 95 - - - -
(%) 20 35 34 (16) 55 (11) 91 (14) -
20 60 32 (18) 53 (12) 88 (13) -
20 95 - - - -
35 35 17 (21) 48 (15) 100 (20) -
35 60 32 (23) 58 (15) 100 (21) -
35 95 - - - -
Cold-test 10 60 -6 (20) 11 (13) 40 (25) . 
germination 20 35 -4 (12) 14 (8) 45 (10) 76 (18) 
(%) 20 60 -11 (15) 14 (10) 58 (11) 101 (21) 
20 95 - - - -
35 35 -5 (10) 9 (8) 31 (6) 53 (6) 
35 60 -2 (12) 21 (9) 59 (8) 97 (13) 
35 95 16 (11) 41 (18) 81 (52) -
Seedling 10 60 25 (14) 40 (8) 65 (10) 
dry weight 20 35 36 (6) 44 (4) 59 (4) 73 (8) 
(mg) 20 60 37 (11) 45 (7) 58 (7) 72 (14) 
35 35 33 (17) 42 (11) 58 (8) 75 (18) 
35 60 38 (14) 47 (9) 62 (8) 77 (18) 
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Table C3. Predicted seed quality of Mol7 dried for different lenghts 
of time at 50 C and at 2 levels of relative humidity before 
transfer to 35 C* 
Predicted seed quality values 
Predicted — 
seed Relative Prediction based on drying time at 50 C 
quality humidity 
trait Year (%) 0 hrs 12 hrs 24 hrs 48 hrs 
Standard 84 20 107 (15)h 71 (10) 36 (11) _c 
germina tion 60 98 (6) 96 (4) 93 (3) 88 (5) 
(%) 85 20 100 (11) 71 (7) 43 (6) -
60 97 (10) 87 (8) 78 (7) 58 (7) 
Cold-test 84 20 107 (14) 70 (9) 33 (11) 
germination 60 105 (11) 97 (8) 90 (7) 75 (10) 
(%) 85 20 96 (12) 61 (8) 26 (8) -
60 98 (12) 83 (10) 68 (8) 37 (8) 
Seedling 85 20 64 (8) 51 (5) 38 (5) -
dry weight 60 69 (6) 64 (4) 58 (4) 47 (4) 
(mg) 
Prediction based on seed moisture 
after 50 C drying 
40% 35% 30% 25% 
Standard 84 20 70 (9) 42 (10) 14 (15) -
germina tion 60 94 (4) 92 (4) 89 (5) 87 (6) 
(%) 85 20 88 (12) 69 (9) 51 (8) 32 (9) 
60 88 (9) 74 (7) 61 (7) 48 (10) 
Cold-test 84 20 69 (10) 40 (10) 11 (15) _ 
germina tion 60 94 (7) 86 (7) 78 (11) 70 (12) 
(%) 85 20 81 (14) 59 (10) 36 (10) 13 (13) 
60 85 (10) 63 (8) 41 (9) 18 (11) 
Seedling 85 20 58 (8) 50 (6) 42 (5) 34 (7) 
dry weight 60 64 (6) 56 (4) 49 (5) 41 (6) 
(mg) 
^Predictions are based on linear regressions. Sections of the 
x-axis where seedling dry weight showed no change were not included in 
the regression. 
^95% confidence limits for mean predicted values are shown in 
parentheses. Expl. 60 (7): 53 = lower limit, 67 = higher limit. 
Values outside the section of the x-axis included in regressions. 
Values are close to 0%. 
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Table C4. Drying rates of seeds during preconditioning and drying 
at different temperatures and relative humidities 
Drying rate (%/hr)* 
Preconditioning Relative humidity during preconditioning (%) 
and drying 
Year 
temperature 
(C) 20 35 50 60 95 
1984 10 0.13 
20 - - 0.10 - -
35 - 0.37 0.24 - -
50 0.58 - - 0.37 -
1985 10 _ _ 0.07b 0.02b 
20 - 0.13 - 0.13 0.01 
35 - 0.40 - 0.20 0.02 
50 0.52 0.29 0.00 
^Average hourly moisture loss of seed during drying or precon­
ditioning for 64 hours. Each value represents the mean of 3 repli­
cations with 2 ears per replication. 
^Drying rates based on 88 hours instead of 64 hours of precon-
ditiolning. 
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Table Dl. Analysis of variance for viability and vigor of B73 embryos 
dried at 22, 35, and 50 C and germinated on three asceptic 
media; embryo drying experiment 1 
Mean squares 
Source of 
variation d.f. 
Germina tion 
after 24 hours 
of incubation 
Germination 
after 72 hours 
of incubation 
Seedling 
dry 
weight 
Drying 2 7372*** 2 42+ 
temperature (T) 
Incubation 2 2905** 246*** 368*** 
medium (M) 
T X K 4 78 10 10 
Replication b.lock 5 1701** 73* 24 
Error 40 398 27 14 
+» *» **» ***Significant at the 0.1, 0.05, 0.01, and 0.001 levels, 
respectively. 
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Table D2. Analysis of variance for viability and vigor of B73 embryos 
and seeds after exposure for different periods to 50 C and 
3 levels of relative humidity; embryo drying experiment 2* 
Mean squares Mean squares 
Sources of 
variation df Germination df 
Seedling Shoot/root 
dry weight ratio 
Drying 
conditions (D) 
10226*** 520*** 7.71*** 
Trea ted 
units (U) 
5302*** 8379*** 28.85*** 
D X U 
Error 
5 
35 
2449*** 
171 
4 
28 
415*** 
18 
1.08 
1.13 
^Ear drying data were not included in the analysis so as to get 
a balanced design. 
***Significant at the 0.001 level. 
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Table D3. Analysis of variance for viability of B73 
embryos and seeds dried at 35 and 50 C; embryo 
drying experiment 3* 
Mean squares 
Sources of Standard Cold-test 
variation df germination germination 
Drying 
conditions (D) 
2 3628*** 3715*** 
Treated units (U) 2 4804*** 21339*** 
T X U 4 2836*** 2570*** 
Error 27 52 18 
*The 56-hour treatment (Table 36) was not included 
in the analysis so as to get a balanced design. 
***Significant at the 0.001 level. 
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Table D4. Analysis of variance for shoot and root growth of B73 
embryos dried at 35 and 50 C; embryo drying experiment 3* 
Mean squares 
Sources of Shoot Root Shoot/root 
variation df length leng th ratio 
Drying 2 1248*** 255*** 204*** 
conditions 
Error 213 151 27 8.6 
*The trial was analyzed as a completely randomized design 
with plantlets as experimental units. Shoot and root length was 
determined on 72 randomly chosen plantlets per treatment after 
incubation in standard germination conditions. 
***Significant at the 0.001 level. 
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Table El. Distribution of conductivity within seed lots that showed 
various levels of drying injury after stepwise drying at 50 
C and 35 C; current increase between 6 and 24 hours of 
soaking is presented* 
Drying 
Seed at 50 C 
parent (hrs) 
Germination 
Cold Standard 
test test 
Fractions of seeds in 
conductivity classes (%) 
Current (microamps) 
15 25 35 45 55 65 
A632 
B73 
Mo 17 
8 98.0 100.0 0.0% 25.8 90.4 99.0 99.5 99. 5 99.5 
16 98.5 99.5 0.0 18.6 82.4 100.0 100.0 100. 0 100.0 
24 65.0 73.5 0.0 14.1 73.9 95.5 100.0 100. 0 100.0 
32 26.5 74.5 0.0 12.6 54.4 91.4 96.9 98. 5 99.5 
40 11.0 60.5 0.0 6.6 77.4 96.5 99.0 99. 0 99.0 
8 99.5 100.0 2.5 50.2 93.5 97.5 100.0 100.0 100.0 
16 98.5 99.0 8.1 45.4 89.5 96.5 98.3 98.9 99.5 
24 81.0 80.0 4.8 39.8 72.5 89.8 96.0 98.5 99.5 
32 37.5 57.5 3.0 25.7 59.9 85.0 95.5 97.5 99.5 
40 42.5 61.5 3.0 19.0 54.8 81.1 93.9 98.0 98.5 
48 19.0 50.0 1.5 10.6 51.8 82.9 94.0 97.5 99.0 
56 9.5 33.5 1.0 21.7 57.4 81.5 94.5 98.0 99.0 
8 96.5 95.0 13.5 55.2 89.5 97.1 99.4 100.0 100.0 
16 63.5 64.0 0.5 18.0 46.5 75.5 91.0 97.5 98.5 
24 15.5 24.0 3.1 9.3 26.1 47.6 71.5 90.3 94.9 
32 4.0 9.0 0.0 0.5 2.0 27.2 60.0 94.4 98.5 
40 0.0 6.0 0.0 0.0 6.0 31.2 58.1 88.7 96.9 
48 0.0 13.0 0.0 0.0 1.0 20.1 62.0 84.8 93.9 
*Seed lots were initially dried for different periods at 50 C 
before transfer to 35 C. All values are means of 4 replications with 50 
seeds each. 
^Percent of seeds exhibiting an increase in current which is 
smaller than the listed values. 
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Table £2. Distribution of conductivity within seed lots that showed 
various levels of drying injury after stepwise drying at 35 
C and 50 C; current increase between 6 and 24 hours of 
soaking is presented® 
Drying 
Seed at 35 C 
parent (hrs) 
Germination 
Cold Standard 
test test 
(%) (%) 
Fractions of seeds in 
conductivity classes (%) 
Current (microamps) 
15 25 35 45 55 65 
A632 8 20.0 84.0 0.5^ 28.1 79.4 98.0 99.0 99.5 99.5 
16 45.5 97.5 4.0 48.7 97.0 99.5 99.5 100.0 100.0 
24 85.5 100.0 8.0 43.3 88.3 97.9 98.5 100.0 100.0 
32 99.0 99.5 18.7 69.6 93.3 99.0 100.0 100.0 100.0 
B73 8 38.0 72.5 3.8 26.0 68.3 88.2 94.8 97.5 98.5 
16 72.0 92.5 13.4 68.8 84.9 94.0 97.7 99.4 100.0 
24 90.0 99.0 3.8 32.4 77.1 93.9 97.8 99.4 99.4 
32 95.0 99.0 11.0 61.1 90.6 96.3 99.0 99.5 99.5 
Mo 17 8 12.5 64.0 0.0 3.0 30.5 67.5 90.5 99.0 99.5 
16 28.5 86.5 1.0 19.2 51.8 89.9 96.9 99.0 99.5 
24 42.0 91.0 3.0 14.5 60.2 91.9 98.5 99.5 99.5 
32 81.5 99.5 6.5 44.0 86.0 98.0 99.0 99.5 100.0 
40 91.0 98.5 11.1 70.2 90.9 97.0 98.0 98.0 100.0 
64 98.5 100.0 26.4 77.4 94.4 97.8 99.5 100.0 100.0 
Seed lots were Initially dried 
before transfer to 50 C. All values 
50 seeds each. 
^Percent of seeds exhibiting an 
smaller than the listed values. 
for different periods at 35 C 
are means of 4 replications with 
increase in current which i s  
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Table E3. Weather data for the growing seasons in 1983 to 1985 recorded . 
at the Agronomy and Agricultural Engineering Research Center^ 
Month 
10-day 
period^ 
Average maximum 
daily temperature (C) 
Precipitation during 
10-day period (mm) 
1983 1984 1985 1983 1984 1985 
May 1 18.3 16.1 26.1 61.2 9.4 10.2 
2 19.1 24.3 22.8 79.0 22.6 13.2, 
3 22.1 21.2 27.1 17.5 96.3 8.6 
June 1 26.3 27.3 27.8 5.3 28.4 16.8 
2 26.8 27.4 23.9 57.1 125.5 28.2 
3 30.1 29.1 28.1 169.2 13.2 41.1 
July 1 29.9 28.7 31.1 50.5 30.5 0.8 
2 32.3 29.5 29.6 4.6 29.2 14.0 
3 32.3 28.4 27.7 41.9 26.4 20.8 
August 1 32.4 31.2 29.4 1.8 2.0 23.1 
2 33.6 29.2 25.9 0.0 3.8 19.8 • 
3 31.6 30.3 25.5 104.9 2.0 86.1 
September 1 31.3 27.3 30.7 13.0 56.6 8.1 
2 24.1 26.3 25.5 67.8 3.3 1.8 
3 22.5 19.2 15.1 0.0 41.4 92.5 
*The Research Center is located ca. 2 miles from the seed production 
site of our project in Ames, Iowa. 
^Day 1-10 in period 1, day 11-20 in period 2, day 21 to end of month 
in period 3. 
